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A B S T R A C T  ai 3s7 
This  f i n a l  r e p o r t  documents the development of X-ray d i f f r a c -  
tometers designed t o  be prototypes f o r  t h e  Surveyor luna r  
landing  veh ic l e .  
P h i l i p s  E l e c t r o n i c  Instruments under Subcontract No. 950158 
t o  J e t  Propuls ion Laboratory, Ca l i fo rn ia  I n s t i t u t e  of Tech- 
nology, under the Nat ional  Aeronautics and Space Administra- 
t i o n  Pr ime Cont rac t  No.  NAS7-100. By t h e  technique of X-ray 
d i f f r a c t i o n ,  these instruments  w e r e  designed t o  analyze t h e  
mine ra log ica l  compositions of l u n a r  ma te r i a l s .  This  i n fo r -  
mation, when telemetered t o  the  ground, w i l l  enable  diffrac- 
t i o n  p a t t e r n s  of l una r  samples t o  be recons t ruc ted  and ana- 
lyzed  on t h e  Earth.  Presented h e r e i n  is  the evo lu t ion  of 
prototype d i f f r a c t o m e t e r  models. 
The developmental program was conducted by 
t h e  des ign ,  development, f a b r i c a t i o n ,  and t e s t  of 
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1. INTRODUCTION 
The Lunar X-Ray Diffractometer ,  designed t o  be a prototype 
f o r  t h e  Surveyor luna r  landing v e h i c l e ,  was developed under 
Subcontract  No .  950158 t o  the  J e t  Propulsion Laboratory, 
C a l i f o r n i a  I n s t i t u t e  of Technology under t h e  Nat ional  
Aeronaut ics  and Space Adminis t ra t ion Prime Contract  NAS7-100. 
By t h e  technique of X-ray d i f f r a c t i o n ,  t h i s  ins t rument  was  
designed t o  provide an a n a l y s i s  of t h e  minera logica l  compo- 
s i t i o n s  of l una r  ma te r i a l s .  
This  report p e r t a i n s  t o  the des ign ,  development, f a b r i c a t i o n ,  
and t e s t  of t h e  fol lowing Diffractometer  models: 
Prototype P-3 
Prototype P-3D 
Thernlal Model P-3 
Prototype P-4 
Prototype P-5 
An i n t e r i m  f i n a l  r e p o r t ,  dated J u l y  31, 1962, prev ious ly  sub- 
m i t t e d  by P h i l i p s  Space Development, covered t h e  following 
models: Mockup Model, Prototype A ,  P-l/P-2 Thermal Model, 
Pro to type  P-1, and Prototype P-2. 
The Dif f rac tometer  employs a miniatur ized 25kv X-ray tube of 
a s p e c i a l  P h i l i p s  design.  Through t h e  u s e  of a d i g i t a l l y  
pulsed  s t eppe r  motor and a p r e c i s i o n  gear  t r a i n ,  t h e  sample 
ho lde r  and d e t e c t o r  assembly a r e  r o t a t e d  wi th  a p r e c i s e  8-28 
r e l a t i o n s h i p  through t h e  des i r ed  angular  range (7O-9Oo,2e) i n  
response t o  commands from t h e  Earth.  The Diffractometer  i s  
b PAGE 1 OF 79 
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designed t o  be used w i t h  a s p a c e c r a f t  sample processor which 
provides  a powdered specimen compacted i n t o  a curved specimen 
holder .  
curved specimen, i s  focused a t  the  r ece iv ing  s l i t ,  where t h e  
d i f f r a c t e d  beam i s  de tec ted  w i t h  a side-window p ropor t iona l  
counter .  The output  of t h e  p ropor t iona l  counter  i s  preampli- 
f i e d ,  t h re sho ld  d e t e c t e d ,  and counted down - f o r  te lemeter ing  
t o  t h e  ground. 
be recons t ruc t ed  and analyzed on the  Earth.  
A d ive rgen t  beam of C u k  X r a y s ,  f a l l i n g  on t h e  
D i f f r a c t i o n  p a t t e r n s  of luna r  samples can t h u s  
* PAGE 2 OF 79 
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2 .  DESCRIPTION O F  SYSTEM 
2.1 General Descr ip t ion  
The X-Ray Diffractometer  c o n s i s t s  of three assemblies - 
Diff rac tometer  Head, Compartment B Elec t ron ic s ,  and Power 
Supply. I n  a d d i t i o n ,  a t e s t  rack  i s  provided fo r  t e s t  of 
t h e  Dif f rac tometer .  
i s  shown i n  Figure 2-1, and a photograph of t h e  system, in-  
c luding  the  t e s t  rack ,  is shown i n  Figure 2-2. 
A block diagram of t h e  Diffractometer  
The Dif f rac tometer  Head conta ins  a goniometer for  precise 
p o s i t i o n i n g  of t h e  X-ray detector and specimen holder ,  a 
s t e p p e r  motor fo r  d r i v i n g  the goniometer, an X-ray tube ,  a 
p r o p o r t i o n a l  counter  for  convert ing t h e  d i f f r a c t e d  X r ays  
i n t o  e l e c t r i c a l  pu l se s ,  and e l e c t r o n i c s  f o r  processing of 
s i g n a l s  from t h e  detector and ampl i f i ca t ion  of command s ig- .  
n a l s  t o  t h e  goniometer s tepper  motor. 
Compartment B Electronics conta ins  t h e  logic c i r c u i t r y  for 
execut ion  of ground commands which c o n t r o l  t h e  speed and 
d i r e c t i o n  of t h e  goniometer d r ive  motor and logic c i r c u i t r y  
f o r  gene ra t ing  goniometer angular  p o s i t i o n  s i g n a l s  t o  be 
telemetered back t o  t h e  ground. 
The Power Supply is  a DC-DC converter  which supp l i e s  t h e  
necessary  vol tages  f o r  t h e  Diffractometer .  The high vol tage 
(25,OOOvdc) can be a c t i v a t e d  on command from the  ground. 
b PAGE 3 OF 79 
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2.2 Physics 
2.2.1 General  
When a specimen of s o l i d  m a t e r i a l  i s  exposed t o  a beam of 
X r a y s ,  t h e  va r ious  c r y s t a l  p lanes  of t h e  m a t e r i a l  r e f l e c t  
t he  p r o j e c t e d  rays .  The reflected rays  form a set  of con- 
c e n t r i c  cones around the  inc iden t  r a y  a s  axes  i n  accordance 
w i t h  Bragg's Law: 
nX = 2d s i n  8 .  
This  law of c r y s t a l  d i f f r a c t i o n  g ives  t h e  r e l a t i o n s h i p  between 
the  wavelength of i n c i d e n t  r a d i a t i o n  (X), i t s  angle  of inc i -  
dence ( e ) ,  and the  spacing between the  c r y s t a l  p lanes  ( a ) .  
The p a t t e r n s  formed by these  r ays  are  c h a r a c t e r i s t i c  of the  
specimen be ing  examined. 
An X-ray s e n s i t i v e  device  can be used t o  d e t e c t  t h e  reflected 
r a d i a t i o n  from the  specimen. 
d e t e c t o r  a r e  i n t e g r a t e d  and ampl i f ied  and serve  as  a means 
of drawing peaks on a c h a r t .  The peaks, represent ing  atomic 
i n t e r - r e l a t i o n s h i p s ,  can be permanently recorded on a paper 
s t r i p  chart  and provide a means by which specimens may be 
compared q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .  
a n a l y s i s  i s  extremely rap id .  
The e l e c t r i c a l  pu l se s  from t h e  
T h i s  method of 
The a c c e p t a b l i l i t y  and usefu lness  of t h e  X-ray d i f f r a c t i o n  
method stems from the  f a c t  t h a t  most m a t e r i a l s  a r e  c r y s t a l l i n e  
i n  na tu re .  A very  p r e c i s e  measurement of c r y s t a l l i n e  s t r u c t u r e  
can  be made because the  X-ray wavelengths used i n  d i f f r a c t i o n  
b PAGE 6 OF 7 9  
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a r e  of the  same order a s  crys- 
t a l l i n e  mat te r .  Many d i f f e r e n t  kinds of u s e f u l  information 
can be obtained w i t h  .X-ray d a t a ,  s i n c e  a l a r g e  p a r t  of both 
p h y s i c a l  and chemical p r o p e r t i e s  of mat te r  depend on the  
c r y s t a l l i n e  s t r u c t u r e  of a given ma te r i a l .  
the  inter-atomic spaces of 
The X-ray powder d i f f r a c t i o n  p a t t e r n  obtained w i t h  any crys- 
t a l l i n e  compound i s  unique because it i s  r e l a t e d  t o  t h e  fun- 
damental c r y s t a l  s t r u c t u r e .  Th i s  uniqueness makes d i f f r a c -  
t i o n  p a t t e r n s  extremely use fu l  i n  t h e  i d e n t i f i c a t i o n  of 
chemical compounds. 
The X-ray powder d i f f r a c t i o n  p a t t e r n  of a mixture of s e v e r a l  
c r y s t a l l i n e  compounds conta ins  a combination of those l i n e s  
c h a r a c t e r i s t i c  of the  d i f f e r e n t  compounds. 
s u i t a b l e  c a t a l o g ,  containing X-ray d i f f r a c t i o n  information 
fo r  a wide  range of ma te r i a l s ,  the  c o n s t i t u e n t  compounds may 
be i d e n t i f i e d .  The number of compounds t h a t  can be i d e n t i f i e d  
i n  a d i f f r a c t i o n  p a t t e r n  depends on the  symmetries, concen- 
t r a t i o n s ,  instrument  r e so lu t ion ,  computing f a c i l i t i e s ,  and 
o t h e r  f a c t o r s .  Most a c t u a l  minera logica l  samples have been 
s u c c e s s f u l l y  analyzed by the  X-ray method. 
By r e f e r i n g  t o  a 
These d i f f r a c t i o n  l i n e  p a t t e r n s  no t  on ly  serve t o  i d e n t i f y  
t h e  c o n s t i t u e n t  compounds- i n  t h e  sample, b u t  i n  a d d i t i o n ,  
t h e i r  i n t e n s i t y  can be used t o  determine t h e  concent ra t ions  
of these compounds. Concentrations a r e  gene ra l ly  determined 
by  a comparison of the  i n t e n s i t i e s  measured i n  t h e  unknown 
sample t o  the  i n t e n s i t i e s  obtained w i t h  known mixtures.  
q u a n t i t a t i v e  es t imates  of concent ra t ions  can be made w i t h  
Semi- - 
good p r e c i s i o n  i n  t h i s  manner. . 
I PAGE 7 QE' 79 
The minimum detectable  amount of a known compound i n  a mixture 
i s  determined by t h e  peak-to-background r a t i o  of i t s  most 
i n t e n s e  l i n e .  When t h e  compounds a r e  unknown, a s u f f i c i e n t  
number of l i n e s  must be obtained t o  p o s i t i v e l y  i d e n t i f y  the  
c o n s t i t u e n t s .  
compound i n  a mixture is, t he re fo re ,  determined by t h e  peak- 
to-background r a t i o  of t h e  l e a s t  i n t e n s e  l i n e  needed t o  - 
i d e n t i f y  t h a t  compound. I n  most cases, amounts above a few 
pe rcen t  can be detected; i n  favorable  cases ,  a s  l i t t l e  a s  
0.01% may be detected. 
The m i n i m u m  de t ec t ab le  amount of an unknown 
2.2.2 Diffractometer  O p t i c s  
The Dif f rac tometer  o p t i c s  has  a geometr ical  source which is 
t h e  l i n e  focus  of t he  X-ray tube.  
from t h i s  source i r r a d i a t e s  a r e l a t i v e l y  l a r g e  specimen and 
the  d i f f r a c t e d  beam converges on a rece iv ing  s l i t .  
imen r o t a t e s  a t  one-half t h e  angular  speed of t h e  rece iv ing  
s l i t .  The specimen a x i s  of r o t a t i o n  i s  co inc ident  w i th  t h e  
goniometer a x i s  of r o t a t i o n  and i s  e q u i d i s t a n t  from t h e  X-ray 
source and the  r ece iv ing  s l i t .  I n  the  plane normal t o  t h i s  
"focusing" p lane ,  t h e  divergence i s  l i m i t e d  by t w o  sets of 
p a r a l l e l  Sol le r  s l i ts .  
A divergent  beam of X r ays  
The spec- 
I d e a l l y ,  t h e  l i n e  focus of the  X-ray tube ,  t h e  r ece iv ing  s l i t ,  
and the  specimen sur face  should a l l  l i e  on t h e  same c i rc le .  
With t h i s  condi t ion ,  l lfocusing" of the d i f f r a c t e d  r a d i a t i o n  
occurs .  This  enables  the  u s e  of l a r g e r  ape r tu re s ,  r e s u l t i n g  
i n  s i g n i f i c a n t  i nc reases  i n  t h e  X-ray i n t e n s i t i e s  recorded, 
I * 
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an  importank cons ide ra t ion  s ince the  X-ray tube power is only 
2-3% of t h &  u s u a l l y  used on commercial instrumentat ion.  
Thus, for  a;#ixed goniometer r ad ius ,  the  specimen curvature  
should be P*ontinually var ied  dur ing  scanning t o  fit  t h e  focus- 
i n g  circle a t  a l l  8 % .  Since t h i s  i s  d i f f i c u l t  t o  accomplish, 
a f i x e d  curved specimen is used. 
i n g  cond i t ion  i s  then  s a t i s i f e d  only  f o r  one 2 0  angle  cor- 
responding t o  t h e  p a r t i c u l a r  goniometer r ad ius  and r ad ius  of 
specimen curva ture  selected, it i s  be t te r  than  t h a t  for  a 
f l a t  specimen fo r  a l l  larger 2 0  angles .  For the  diffractom- 
e te r  described he re in ,  t h e  28 angle  is 30'. 
. '  
4 ,  f 
Though the correct focus- 
S t u d i e s  of effects of varying the  va r ious  geometr ica l ly  op- 
t i c a l  parameters: a p e r t u r e  angle ,  S o l l e r  s l i t  dimension, 
r e c e i v i n g  s l i t  width,  a n t i - s c a t t e r  s l i t  wid th ,  and sample c u r -  
v a t u r e  were described i n  the  F i n a l  Report by D r .  W. P a r r i s h  
December 19, 1960-June 30, 1961, Contract  No. 950011. 
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2.3 E l e c t r o n i c s  
The Dif f rac tometer  Head e l e c t r o n i c s  c o n s i s t s  of two threshold 
c i r c u i t s ,  a p r o p o r t i o n a l  ampl i f i e r ,  t h r e e  f l i p - f l o p s ,  and 
f o u r  power a m p l i f i e r s .  
The p r o p o r t i o n a l  a m p l i f i e r  ampl i f ies  t h e  pu l ses  from t h e  pro- 
p o r t i o n a l  coun te r ,  and t h e  threshold  c i r c u i t s  r e j e c t  those 
p u l s e s  which a r e  below a p r e s e t  value.  
requirements ,  a frequency d i v i s i o n  of e i g h t  is  provided by 
t h e  three f l i p - f l o p s .  The four  power a m p l i f i e r s ,  one f o r  
each  winding of t h e  s t eppe r  motor, amplify t h e  motor d r i v e  
s i g n a l s  received from Compartment B Electronics.  
To s a t i s f y  te lemet ry  
The Compartment B Elec t ron ic s  consists of s i x  major c i r c u i t s  - 
memory, c lock  mixer, c lock  s c a l e r ,  r e v e r s i b l e  s c a l e  of fou r ,  
marker gene ra to r ,  and motor s tep genera tor .  
The f o u r  goniometer d r i v e  motor commands, telemetered from 
t h e  ground, a r e  s to red  and executed by Compartment B. T h i s  
i s  done by l o g i c a l l y  converting a c lock  frequency t o  a se- 
quence of pulses ,  appearing on four  separa te  l i n e s ,  a t  a r a t e  
and sequence i n  accordance w i t h  t h e  commands. Compartment B 
a l s o  r e c e i v e s  three commands from t h e  goniometer microswitches 
and p u t s  o u t  s i g n a l s  for te lemeter ing  back t o  t h e  ground. Two 
of these s i g n a l s  i n d i c a t e  when t h e  goniometer is i n  the 7' 
(home) p o s i t i o n  and t h e  90' ( r eve r se )  p o s i t i o n .  The t h i r d  
command i s  a series of 1' goniometer marker pu lses .  
- 
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. E  
4,. 
A l l  command tnput  l i n e s  conta in  c i r c u i t r y  which r equ i r e  t h a t  
t h e  command 
These "no t 1 gger" c i r cu i t s  were added t o  Models P-4 and P-5 
t o  prevent noise pulses from a c t i v a t i n g  t h e  command c i r c u i t s .  
u l s e s  be g r e a t e r  than  a preselected minimum. 
F 
' ." 
P- 
The Power Supply, a DC-DC converter ,  genera tes  f i v e  vol tages:  
25,00Ovdc, 5-7 v o l t s  p-p, bvdc, 28vdc, and 2000vdc. The 
25,000vdc f o r  ' t he  X-ray tube i s  turned on by  command tele- 
metered from t h e  ground. 
.. . 
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3 .  EQUIPMENT DESCRIPTION 
3.1 Dif f rac tometer  Head 
3.1.1 E l e c t r i c a l  
The head e l e c t r o n i c s  consists of a p ropor t iona l  counter, pro- 
p o r t i o n a l  a m p l i f i e r ,  th reshold  c i rcui ts ,  b ina ry  s c a l e r ,  and 
f o u r  power a m p l i f i e r s  - one f o r  each winding of t h e  motor. 
The output  of t h e  p ropor t iona l  counter  is  appl ied  t o  a vo l t -  
age a m p l i f i e r  w i th  a ga in  of 60db and a bandwidth of 4mc. 
i s  a f o u r - t r a n s i s t o r  conf igu ra t ion ,  u t i l i z i n g  complementary 
symmetry i n  a DC loop w i t h  an e m i t t e r  fol lower output .  The 
output  of t h e  a m p l i f i e r  is  appl ied t o  a th reshold  (amplitude 
d i s c r i m i n a t i n g )  c i r c u i t  which d r i v e s  a series of t h r e e  f l i p -  
f l o p s .  
counts  by a f a c t o r  of e i g h t ,  is s e n t  t o  t h e  te lemet ry  system. 
It 
The output  of t h e s e  f l i p - f l o p s ,  which d iv ide  t h e  
The th re sho ld  c i r cu i t s  (reversed biased diodes)  prevent  pu lses  
lower t h a n  a s p e c i f i c  l e v e l  from passing t o  t h e  output .  The 
a c t u a l  l e v e l  of d i sc r imina t ion  i s  chosen by command from one 
of t w o  preadjus ted  va lues .  There i s  a l s o  a peak l e v e l  c i r c u i t ,  
p read jus t ed ,  which prevents  pu l se s  greater  t h a n  the  p r e s e t  
v a l u e  from pass ing  t o  t h e  output .  Thus, t h e  threshold  cir-  
c u i t s  form a llwindow" and allow only  those  pulses  whose ampli- 
t u d e s  f a l l  w i t h i n  t h i s  "window" t o  pass  t o  t h e  s c a l e r .  T h i s  
peak l e v e l  c i r c u i t  was added t o  Models P-4 and P-5. 
PAGE 1 2  OF 79 
PWXL1:FS ELEGTRONXC XNBTRUMENTS 
&Miion 01 Philipa Elsetranicr and Pharmoastctical Inditrttier Cotp.  
I 
I 
I PEI-4-D64-02 30 
I 
The "no t r i gge r "  c i r c u i t s  (see Figure  3-1) w e r e  incorporated 
i n  t he  ground command inpu t  l i n e s  t o  make t h e  command cir-  
c u i t r y  i n s e n s i t i v e  t o  noise  pulses .  
a back-biased diode and a Zener diode whose t o t a l  e f f e c t  i s  
t o  r e q u i r e  t h e  command pulse  t o  be g r e a t e r  t han  4 v o l t s .  
back-biased diode determines the minimum acceptab le  command 
pulse vo l t age ,  and the  Zener diode prevents  t h e  back-bias 
vo l t age  from tu rn ing  on the  input  t r a n s i s t o r  of a command in-  
pu t  c i r c u i t .  
The c i r c u i t  c o n s i s t s  of 
The 
I '  
.. . 
- - - I .II. 
"NO Tr igger  C i r c u i t "  I Typical Command Input  Stage 
Figure 3-1: Schematic of "NO Trigger"  C i r c u i t  
.. 
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I 3 . 1 . 2  Mechanical 
I 3 . 1 . 2 . 1  General 
The des ign  of Prototype P-3 Diffractometer  Head i s  based 
upon t h e  des igns  of t h e  ea r l i e r  models - Prototypes A ,  P-1, 
and P-2. S i m i l a r i l y ,  Prototypes P-4 and P-5 a r e  des ign  ex- 
t e n s i o n s  of Models P-3 and P-3D. Model P-3D was b u i l t  con- 
c u r r e n t l y  wi th  and i s  i d e n t i c a l  t o  P-3 and was used f o r  
developmental t e s t i n g ,  Th i s ,  d i s c u s s i o n  describes t h e  
des ign  changes from Models A ,  P-1, and P-2 t o  Models P-3, 
P-4, and P-5. 
3.1.2.2 Prototype P-3 Diffractometer  Head 
The performance and mechanical des ign  of Prototypes A,  P-1,  
and P-2 were analyzed, and a reas  of redesign were then  ou t -  
l i n e d .  
a b l e ,  and t h e  t e s t  d a t a  was w i t h i n  t h e  requirements of J P L  
Design S p e c i f i c a t i o n  N o .  30846. Mechanical redes ign  and 
e l e c t r i c a l  packaging was then i n i t i a t e d  t o  improve t h e  f o l -  
lowing elements of t h e  instrument: 
The b a s i c  goniometer geometry was considered accept- 
o u t e r  d u s t  cover 
goniometer c a s t i n g  
goniometer gear  t r a i n  
counter  tube mounting 
counter  tube connector 
upper co l l ima to r  assembly and adjustments 
sample holder  s h a f t  and adjustments  
lower collimator assembly 
angle  marker cam 
home and 90' cam and swi tch  arrangement 
motor mount 
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1 2 )  t he rma l  p l a t e  
13) X-ray tube  connector 
14) 
15) sample e ject  system 
16) connectors  and wir ing 
packaging of motor d r i v e  and a s soc ia t ed  input/output 
c i r c u i t r y  
The fol lowing is a d e s c r i p t i o n  of t h e  mechanical des ign  of 
Model P-3 b i f f r a c t o m e t e r  Head. 
1) Outer Dust Cover. The ou te r  d u s t  cover i s  t h e  main struc- 
t u r a l  member of the  instrument.  
based upon cons ide ra t ions  of: 
The des ign  of t h i s  cover w a s  
8 s t r u c t u r a l  i n t e g r i t y  
e s p a c e c r a f t  i n t e r f a c e  
0 i n s t a l l a t i o n ,  removal, and s e r v i c i n g  of i n t e r n a l  
@ s i z e  and weight 
8 f a b r i c a t i o n  techniques 
43 thermal  cons idera t ions  
a s  semblie s 
The d u s t  cover can be considered a s  t w o  main assembly members: 
t he  cover c a s t i n g  ( s e e  F igu re  3-2) and t h e  r e a r  support  cover 
(see Figure 3 - 3 ) .  The cover c a s t i n g  has a sample e jec t  cover 
i n  a d d i t i o n  t o  miscellaneous sheet meta l  cover p l a t e s .  The 
cover c a s t i n g  w a s  designed and contoured t o  enclose t h e  gon- 
iometer. It i s  a semi-cyl indrical  enc losure  w i t h  i n s t a l l a -  
t i o n  of the  i n t e r n a l  assemblies accomplished through an open- 
i n g  on one end. 
s e r v i n g  t o  both reduce we igh t  and provide access p o r t s .  
openings a r e  covered by removable t h i n  sheet metal  p l a t e s .  
The c a s t i n g  has a number of openings, 
These 
. 
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Figure 3-2: Diffractometer Head Outer 
Dust Cover Castina 
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Figure 3-3: Model P-3 Diffractometer 
Head (Showing Rear Sup- 
port Cover 
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The r e a r  support  cover a l s o  provides s t r u c t u r a l  support ,  
o r i g i n a l  des ign  used a t h i n  sheet metal  cover t h a t  was diag- 
o n a l l y  dimpled t o  decrease the  t r a n s v e r s e  d e f l e c t i o n  ( " o i l  
The 
canning") c h a r a c t e r i s t i c .  T h i s .  des ign  survived v i b r a t i o n  
t e s t i n g ,  however, a post-test in spec t ion  revealed elongat ion 
of t h e  c learance  screw ho les  i n  t h e  r e a r  cover. This hole 
d i s t o r t i o n  was due t o  t h e  induced r e l a t i v e  motion between 
t h e  screws and r e a r  cover - the r e a r  cover moving r a d i a l l y  
with respect t o  t h e  cover cas t ing .  This problem was e l i m -  
i n a t e d  by adding a 1/8" aluminum r i n g  t o . t h e  i n s i d e  sur face  
of t h e  r e a r  cover t o  provide a d d i t i o n a l  s t i f f n e s s .  
P e r t a i n i n g  t o  t h e  spacec ra f t  i n t e r f a c e ,  t h e  cover c a s t i n g  was 
designed i n  accordance w i t h  t h e  o u t l i n e  and mounting drawings 
of HAC I n t e r f a c e  S p e c i f i c a t i o n  No. 239284, Four tapped ho le s  
a r e  loca t ed  on t h e  sample i n s e r t i o n  s i d e  fo r  securing t h e  head 
t o  t h e  s p a c e c r a f t .  Two a d d i t i o n a l  tapped ho le s  wi th  p i l o t  
bosses a r e  centered on t h e  sample i n s e r t i o n  s l i t  c e n t e r l i n e  
t o  mate, suppor t ,  and a l i g n  t h e  HAC sample t r a n s p o r t  system. 
The cover c a s t i n g  i s  a sand c a s t i n g  made of 356-T7 aluminum. 
There a r e  cored holes around the  o u t e r  circumference t o  mini- 
mize t h e  s t r u c t u r e  weight. Complete sets of X r ays  were 
t aken  of each c a s t i n g  t o  assure  t h a t  there were no i n t e r n a l  
d e f e c t s .  A sand c a s t i n g  of so l a r g e  a member wi th  t h i n  (nom- 
i n a l  3/32") cross-sect ioned w a l l s  requi red  an ex tens ive  pat-  
t e r n  making-pouring study. The r e s u l t s  of t h i s  s tudy pro- 
duced c a s t i n g s  t h a t  survived head environmental t e s t i n g  per 
J P L  S p e c i f i c a t i o n  No. 31144. 
PAGE 18 OF 79 b 
I PEXXLIPS ELECTRONXC INSTRUMENTS 
Divi.iorr of Philip8 ti'lrctrmicr a d  Photnrocrntid hdsatrirr corp. 
I PEI-4-D64-0230 
A thermal  a n a l y s i s  of t h e  Diffractometer  Head suggested f i n -  
i s h e s  for t h e  outer  d u s t  cover (and thermal  p l a t e )  a s  shown 
i n  the fol lowing t a b l e  (see F i g u r e  3-4 f o r  su r face  re ferences) :  
Table 3-1: O u t e r  Dust Cover Surface F in i shes  
Surface  Materia 1 Surf ace F in i sh  Thermal F in i sh  
A I  A1.356-T7 Buffed HAC White Pa in t  
A2 A1.356-T7 Buffed HAC White P d i i i t  
A 3  A 1  . 356-T7 Buffed HAC White Pa in t  
A4* A1.2024 Clear Anod ized HAC White Pa in t  
A5 A1.356-T7 Buffed Polished A l .  
I n t e r i o r  
of Dust 
Cover A l .  356-T7 As Cast HAC Black Pa in t  
or  Black Anodize 
*Refers t o  Thermal P l a t e ,  remainder of w a l l  A1.356-T7. 
2 )  Goniometer Casting. The goniometer aluminum sand c a s t i n g  
was redesigned t o  provide each s h a f t  w i th  end bear ing  support  
(see Figure 3-5). The s t r u c t u r e  i s  e s s e n t i a l l y  "U" shaped 
w i t h  t h e  reverted g e a r  t r a i n  w i t h i n  t h e  v e r t i c a l  w a l l s .  
S t r u c t u r a l  members or sur faces  were provided t o  mount t h e  
home, 90' and 1" angle  mark switches,  and t h e  motor d r i v e  
c i r c u i t r y  . 
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Figure 3-4: Model P-3 Outer Dust Cover Surface References 
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5) Counter Tube Connector. E l e c t r i c a l  connection t o  the  
coun te r  tube i s  made through a cross-shaped threaded contac t  
which mates w i t h  t h e  The con- 
n e c t o r  i s  f l o a t e d  (not  d i r e c t l y  secured) t o  the  tube t o  a l -  
low for  e c c e n t r i c i t i e s  between end cap and tube o u t e r  diam- 
e te r  and p reven t s  s t r e s s i n g  the  ceramic t o  metal  seal when 
counter tube end cap thread .  
I 
I clamping. The c o n t a c t  is mounted i n  an oversized 'IT" slot 
I the  f l o a t i n g  a c t i o n  and s t i l l  r e t a i n s  mechanical s ecu r i ty .  
I d c y l i n d e r  of the  same diameter a s  the  counter  tube.  The 
of a boron n i t r i d e  in su la to r .  This machined shape provides  
T h e  i n s u l a t o r  i s  i n s e r t e d  i n t o  a c i r c u l a r  bery l l ium copper 
- _.. 
I 
I 
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3)  Goniometer Gear T r a i n .  The goniometer gear t r a i n  w a s  
redesigned t o  provide support  fo r  t h e  upper co l l ima to r  and 
mounting arm of the p ropor t iona l  counter  tube.  The we igh t  
con t r ibu ted  by each gea r  was considered and reduced where 
p o s s i b l e  . 
4) Counter'Tube Mountinq. Models A ,  P-1, and P-2 used end- 
window p o i n t  p ropor t iona l  counter tubes  a s  detectors, wh i l e  
, ,  
Model P-3 u s e s  a side-window p ropor t iona l  counter ,  Amperex 
No.  DX241 .  T h i s  change required a redesign of t h e  detector 
t u b e  support .  The support  c o n s i s t s  of a two-piece clamp, 
one-half of which i s  at tached t o  a worm whee l  gea r  and is 
i n t e g r a l  t o  a support  arm. The second ha l f  i s  a sepa ra t e  
p a r t .  When secured t o  t h e  support  arm, t h e  tube as can t i -  
l eve red  w i t h  t h e  window over t h e  upper co l l ima to r  f ac ing  t h e  
specimen. 
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connector  i s  clamped t o  t h e  support  arm i n  a manner s i m i l a r  
t o  t h a t  of t he  counter  t u b e .  
secured t o  t h e  tube  t o  a s su re  a p o s i t i v e  ' electr ical  connection. 
A separate ground clamp i s  
6) Upper Coll imator  Assembly. This assembly consists of col-  
l i m a t o r  f o i l s ,  an a n t i - s c a t t e r  s l i t ,  and a r ece iv ing  s l i t .  
It i s  bea r ing  mounted t o  t h e  support  arm, d i r e c t l y  below t h e  
coun te r  tube .  The bea r ing  mount permi ts  the co l l ima to r  t o  
be r o t a t e d  fo r  optimum alignment. The two s l i ts  a r e  mounted 
i n  c o n c e n t r i c  c y l i n d e r s  and can be i n d i v i d u a l l y  ad jus ted  for  
proper  alignment w i t h  the  X-ray a x i s .  The mountings a r e  de- 
s igned  t o  permit i n d i v i d u a l  s l i t  removal. 
7 )  Sample Holder S h a f t .  The sample holder  s h a f t  is supported 
by bea r ing  s u r f a c e s  w i t h i n  a hollow worm wheel s h a f t .  The 
oppos i t e  end of t h e  s h a f t  from the holder  is placed between 
a b i f u r c a t e d  clamp w i t h  two r a d i a l  a d j u s t i n g  set screws placed 
d i a g o n a l l y  oppos i t e  each other.  
i n g  one screw a g a i n s t  a holding f o r c e ,  a f t e r  which t h e  sec- 
ond screw is advanced t o  capture  the  precise holder p o s i t i o n .  
A l e a f  spring permi ts  work- 
8 )  Lower Col l imator  Assembly. The lower co l l ima to r  assembly 
i s  mounted t o  the  goniometer c a s t i n g ,  between t h e  X-ray tube  
and sample holder. Three s l o t t e d  r a d i a l  holes permit t h e  
c o l l i m a t o r  t o  be r o t a t e d  i n t o  p o s i t i o n .  The co l l ima to r  hous- 
i n g  has  a groove i n t o  which the divergence s l i t  assembly i s  
p laced  and secured. This sl i t  assembly arrangement is  s i m i l a r  
t o  t h a t  of the upper co l l ima to r  assembly. 
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9) 
r e f l e c t  minimum force t o  the  s tepper  motor. 
ca t ion ,  a one-piece square-shaped cam was designed. 
corners  of t h e  square a re  rounded i n t o  t h e  caming surfaces  t o  
successively ac tua te  and release the  angle marker switch. 
r e f l e c t e d  force was fu r the r  reduced by making the  switch ac- 
t u a t o r  arm long r e l a t i v e  t o  the cam diagonal. With t h i s  de- 
s ign,  t he  motor s t a l l  torque was not  approached. 
Anqle Marker Cam. The ang le  marker cam was redesigned t o  
For t h i s  appli-  
The 
The 
10)  Home and 90’ Cams and Switch Arranqement. The home and 
90’ cams are  ramp-type pieces t h a t  f i t  over gears  i n  the  gon- 
iometer assembly. Two screws, through a s lo t t ed  groove, per- 
m i t  adjustment of t h e  cam t o  ac tua te  the  s w i t c h  a t  the proper 
angle.  
11) Motor Mount. The motor-gear head assembly was cant i -  
levered and synchro-mounted t o  t h e  goniometer cast ing.  Be- 
cause v ib ra t ion  tes t s  revealed excessive movement of the  motor, 
a c y l i n d r i c a l  housing with a base f lange was i n s t a l l e d  f o r  
added s t i f f n e s s .  Additional v ibra t ion  tes ts  proved t h i s  as- 
sembly t o  be acceptable.  
12) Thermal Plate .  The X-ray tube anode, which‘is  the major 
hea t  generating element i n  the Head Assembly, i s  mounted on 
t h e  thermal p l a t e .  The goniometer assembly i s  a l s o  mounted 
t o  t h i s  p l a t e .  This complete assembly i s  in s t a l l ed ,  a s  a 
u n i t ,  i n t o  t h e  outer  dust  cover. An opening i n  the dus t  cover 
permits  access t o  t h e  e l e c t r i c a l  terminals on the  X-ray tube. 
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13)  X-Ray Tube Connector. The X-ray tube  i s  connected t o  
t h e  power supply through a P h i l i p s  designed plug/receptacle  
connector. This special connector was made of boron n i t r i d e  
t o  wi the tand  h igh  voltage, ' - temperature,  and vacuum condi t ions .  
The r e c e p t a c l e  has  a 
t h e  tube,  and a f l ange  t h a t  mounts t o  t h e  t o p  of t h e  o u t e r  
d u s t  cover.  Male p i n s  a're soldered onto  t h e  tube f i l amen t  
p i n s  and p i l o t e d  i n t o  ho le s  i n  t h e  r ecep tac l e .  
t h e  t e rmina t ion  end of t h r e e  power supply high vol tage  l eads ,  
one-25kv l e a d ,  and two f i lament .  It has two i n t e r n a l  female 
c o n t a c t s  which mate w i t h  t h e  male p i n s  of t h e  X-ray tube  re- 
c e p t a c l e .  One high vol tage  lead  and one f i lament  lead  a r e  
c y l i n d r i c a l  s e c t i o n  t h a t  f i t s  down over 
The plug i s  
so lde red  t o g e t h e r  a t  one of t h e  female p ins .  
clamps t h e  t w o  ha lves  toge ther  and secu res  t h e  assembly t o  
t h e  outer d u s t  cover.  
A I 'Z"  bracket  
14) Packaqinq of Motor Drive and Associated C i r c u i t r y .  The 
motor d r i v e  c i r c u i t r y  i s  contained on a p r i n t e d  c i r c u i t  card 
t h a t  is  mounted t o  t h e  goniometer c a s t i n g ,  d i r e c t l y  beneath 
t h e  motor. The motor l eads  a r e  soldered t o  t e rmina l s  on a 
t e r m i n a l  board which is sepa ra t e  from t h e  card.  This  enables  
removal of t h e  motor without d i s t u r b i n g  t h e  p r in t ed  c i r c u i t  
board . 
The ou tpu t  c i r c u i t r y  i s  designed on a f l a t  p r in t ed  c i r c u i t  
board ,  wh i l e  t h e  p ropor t iona l  a m p l i f i e r  i s  a cordwood module 
mounted on the board assembly. This composite assembly i s  a 
plug-in u n i t  t h a t  i s  guided in to ' . t he  head assembly on machined 
r a i l s ,  The board-ls r ecep tac l e  i s  f ixed  t o  t h e  r a i l  termina- 
t i o n s .  A cover  p l a t e  on the  o u t e r  d u s t  cover permi ts  access  
t o  t h e  board,  . 
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15) Sample Eject System. A f t e r  a n a l y s i s  a sample i s  removed 
from the specimen t r a y  holder a r m  by i n s e r t i o n  of t h e  next 
sample. 
specimen t r a y  and i s  designed so t h a t  t h e  next  i n s e r t e d  t r a y  
pushes t h e  t r a y  of t h e  specimen j u s t  examined off  t h e  holder .  
The ho lde r  is  approximately twice a s  long a s  t h e  
To al low t h e  sample t o  f a l l  f r e e  of t h e  outer d u s t  cover, an  
explos ive  bo l t  i s  ac tua ted  which holds  down a spring-loaded 
s h e e t  meta l  cover loca ted  beneath t h e  sample holder .  
d i sp l aced  specimen t r a y  w i l l  then  f a i l  thrgirgh t h i s  ur?cowred 
opening i n  t h e  d u s t  cover. 
The 
The a c t u a t o r  was made by Unidynamics, a d i v i s i o n  o f  Universal  
Match Corporat ion,  and i s  t h e i r  prototype Model No.  31-000-6341. 
The design c h a r a c t e r i s t i c s  are a s  follows: 
The i g n i t i o n  system w i l l  wi thstand a lOOma no-f i re  
c u r r e n t  f o r  a t  l e a s t  one minute. 
I g n i t i o n  w i l l  be e f f e c t e d  by a 2 m s ,  580ma pulse .  
The b o l t  w i l l  withstand a x i a l  loads  up t o  approxi- 
mately 45 pounds. 
Upon receipt of t he  f i r i n g  pulse ,  t h e  b o l t  w i l l  func- 
t i o n  w i t h i n  15ms and move a f l a t  p l a t e  weighing 14 
grams a minimum of 8 f e e t  v e r t i c a l l y .  
There w i l l  be no fragmentation upon ac tua t ion .  
The weight of t h e  a c t u a t o r  system i s  8 grams. 
The i g n i t i o n  system and explos ive  components a r e  
contained i n  a welded, hermet ica l ly  sea led  u n i t .  
A shea r  p i n  i s  provided which, upon a c t u a t o r  f i r i n g ,  
i s  designed t o  f a i l  and al low t h e  plunger,  #6-32 
screw and hatch cover, t o  e ject .  
I 
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16)  Connectors and W i r i n q .  The cable  harness  assemblies 
w e r e  designed t o  permit t h e i r  f a b r i c a t i o n  e x t e r n a l  t o  the  
instrument .  The cable  connector f l anges  a r e  mounted t o  a 
s p l i t  p l a t e  which mounts d i r e c t l y  t o  t h e  d u s t  cover cas t ing .  
I 
3 . 1 . 2 . 3  
The P-4 and P-5 Diffractometer  Heads (see Figures  3-6 and 3-7) 
r e t a i n e d  most of t h e  design f e a t u r e s  of t h e  P-3 Head, except 
f o r  t h e  fol lowing changes: 
Prototype Models P-4 and P-5 Diffractometer  Heads 
1) 
2 )  redesigned r e a r  cover p l a t e  
3)  
4) change i n  connector type 
encapsula t ion  of the X-ray tube 
a d d i t i o n  of "no t r i g g e r "  c i r c u i t r y  
1) Encapsulat ion of X-Ray Tubes. I n  t h e  P-3 instrument,  
corona and high vol tage  arc-over were encountered near t h e  
X-ray tube  connector.  
was t o  e l imina te  any ion iza t ion  pa ths  between t h e  X-ray tube 
p i n s  and p o i n t s  of lower e l e c t r i c a l  p o t e n t i a l .  
The immediate s o l u t i o n  t o  t h i s  problem 
The f i r s t  s e a l i n g  method used t h e  same connector a s  designed 
f o r  t h e  P-3 instrument wi th  t h e  a d d i t i o n  of a rubber gasket  
r i n g  placed over t h e  ceramic po r t ion  of t h e  tube and seated 
on t h e  shoulder  where t h e  ceramic changes diameter.  The 
boron n i t r i d e  connector s ec t ion  was then  p i l o t e d  onto t h e  
ceramic tube  s e c t i o n .  A hold-down clamp would then  apply 
p o s i t i v e  p re s su re  a g a i n s t  t h e  e l a s t i c  member and en t r ap  t h e  
a i r  contained w i t h i n  t h e  body of t h e  connector. T h i s  assem- 
b l y  operated cons iderably  b e t t e r  than  the  tube without  a 
g a s k e t  b u t  was s t i l l  no t  considered as  t he  f i n a l  s o l u t i o n  
t o  t h e  problem.. 6 
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F i g u r e  3-6: Model P-4/P-5 D i f f r a c -  
tometer (F ron t  V i e w  
Showing E l e c t r o n i c  Board 
Extended) 
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The next  method considered w a s  
X-ray tube  i n  an  epoxy compound. 
t o  JPL  v i a  P E I  ECP-8 dated August 13, 1963, and an authoriza-  
t i o n  t o  proceed was subsequently i n i t i a t e d .  
complete encapsulat ion of t he  
T h i s  design was suggested 
The P-3 instrument  has t h r e e  high vol tage  wires from t h e  power 
supply t o  t h e  head, i .e .  t w o  f i l ament ,  one -25kv. The main 
purpose of t h e  encapsulated design was t o  enclose a l l  high 
v o l t a g e  p o i n t s  succeptable  t o  arc-over.  
b lock  and f i lament  transformer a r e  a l s o  at high voltage, it 
was apparent  t h a t  t h e s e  elements should also be sea led .  
Examination of t h e  wir ing  and packaging l ed  t o  the  conclusion 
t h a t  t h e  f i lament  transformer should be loca ted  i n  t h e  same 
encapsula ted  block a s  t h e  X-ray tube.  A s  a r e s u l t ,  there i s  
o n l y  a s i n g l e  in te rconnec t ing  high vol tage  wire,and i t s  term- 
i n a t i o n s  a t  e i t h e r  end a r e  completely enclosed. The low vol tage  
l e a d s  a r e  brought o u t  through t e rmina l s  on t h e  t o p  of t h e  
X-ray tube  block,  t o  which wires from t h e  power supply cable  
a r e  so ldered .  
Since t h e  m u l t i p l i e r  
An ex tens ive  program was then undertaken t o  f ind  or develop 
a n  encapsulant  m a t e r i a l  of t h e  proper d i e l e c t r i c ,  thermal,  
and mechanical c h a r a c t e r i s t i c s .  Compounds were s p e c i a l l y  
prepared of m a t e r i a l s  made by Scotchcast ,  Conap, Hypol, Biggs, .’. 
CIBA, and Sy tcas t .  
I n i t i a l  t e s t s  of d i e l ec t r i c  versus  temperature,  a b i l i t y  t o  
pour ,  machining c h a r a c t e r i s t i c s ,  and hardness were made on 
s t anda rd  test specimens, These tests r e s u l t e d  i n  t h e  e l i m i -  
nation of most of t h e  compounds. 
t w o  Hysol compounds exhib i ted  supe r io r  o v e r a l l  performance. 
Of t h e  remaining group, 
b 
1 
. /  
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A thermal  developmental t es t  was performed wi th  these t w o  
pot t ing m a t e r i a l s .  
vacuum c a s t i n g  a r e j e c t e d  X-ray tube and a f i lament  t r ans -  
former, i n  a form approximating t h e  f i n a l  conf igura t ion ,  and 
s u b j e c t i n g  t h i s  module t o  a +300°F t o  -300'F temperature t e s t .  
There was no 
This  r e s u l t  was a n t i c i p a t e d  s ince  t h e  epoxy m a t e r i a l s  a r e  
cured a t  h igh  temperatures .  
t o  a cold thermal  shock by p lac ing  them immediately i n t o  a 
cold c h e s t  a t  approximately -150°F and then lowering t h e  temp- 
e r a t u r e  t o  -300'F. The results of t h i s  t e s t  a r e  shown i n  
F igu re  3-8. 
f a c e .  This  'was a t t r i b u t e d  t o  d i f f e r e n c e s  i n  thermal expan- 
s i o n  c h a r a c t e r i s t i c s  and epoxy t e n s i l e  s t r eng th .  However, 
it should be noted t h a t  both t h e s e  c a s t i n g s  were "high-pot" 
tes ted t o  approximately 35kv wi th  no e l e c t r i c a l  breakdown. 
This non-operating t e s t  cons is ted  of 
d i s c e r n i b l e  effect  a t  t h e  high temperatures.  
The modules were then  subjected 
Note the  cracking a t  t h e  epoxy t o  metal  i n t e r -  
A program was then  organized w i t h  t h e  Hysol research  chemist 
t o  prepare  a s p e c i f i c  compound t h a t  would be compatible wi th  
t h e  X-ray tube  m a t e r i a l  over t h e  temperature range. The re- 
s u l t s  of t h i s  i n v e s t i g a t i o n  lead t o  a formula us ing  Hysol 
XF019 and 4186 wi th  approximately 0.3% by weight of g l a s s  
f i be r  f i l l e r  #2845. This l a s t  i ng red ien t  was added t o  in- 
c r e a s e  t h e  t e n s i l e  c h a r a c t e r i s t i c  under temperature extremes. 
A t e s t  specimen was then  c a s t  w i t h  t h i s  new compound. This  
u n i t  survived t h e  cold temperature t e s t , a n d  t w o  good X-ray 
t u b e  modules were c a s t .  To expedi te  system d e l i v e r y ,  it was 
agreed  w i t h  JPL  not  t o  thermally retest  t h e s e  two d e l i v e r a b l e  
u n i t s .  
. 
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Concurrent w i t h  t h i s  i n v e s t i g a t i o n ,  a design phase was s t a r t e d  
t o  repackage t h e  X-ray t u b e  i n t o  t h e  head assembly. I n  Model 
P-3, t h e  X-ray tube and goniometer a r e  mounted t o  t h e  thermal 
p l a t e  a s  a subassembly. 
u n i t ,  i n t o  t h e  o u t e r  dus t  cover. For the  new design,  t h i s  
was now no longer  poss ib l e  s ince  t h e  X-ray tube module was 
l a r g e r  (encapsulated)  and the  high vol tage  l i n e  was an  in- 
t e g r a l  p a r t  of t h e  tube (no connec tor ) .  
This subassembly i s  placed, a6  a 
For t h e  P-4 des ign ,  t h e  X-ray  tube i s  i n s e r t e d  i n t o  a pre- 
assembled head c o n s i s t i n g  of goniometer, thermal p l a t e ,  and 
o u t e r  d u s t  cover. The e x i s t i n g  tube connector hole i n  t h e  
o u t e r  d u s t  cover was enlarged and shaped t o  al low t h e  tube 
anode t o  p a s s  through the  cover. The tube i s  then  secured 
t o  t h e  thermal  p l a t e .  
The f i n a l  conf igu ra t ion  of the  encapsulated X-ray tube and 
f i l amen t  t ransformer  is shown i n  Figure 3-9. A box-like 
two-piece clamp was designed t o  secure t h e  module t o  t h e  
c a s t i n g .  The bottom sec t ion  of t h e  clamp i s  screwed t o  a 
machined su r face  of t h e  cas t ing ,  and the  t o p  ha l f  i s  bolted 
t o  t h e  bottom h a l f .  This  assembly was no t  v i b r a t i o n  or 
shock tes ted,  a s  per agreement wi th  JPL.  
2 )  Redesisned Rear Cover P la te .  The rear cover fo r  Model P-3 
c o n s i s t s  of a support  r i n g  and s h e e t  metal  cover,  a s  de- 
s c r i b e d  i n  Paragraph 3.1.2.2 - l) .  To avoid t h e  two-piece 
construction and improve s t r u c t u r a l  c h a r a c t e r i s t i c s ,  a s ing le  
I .  
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F igure  3-9: Model P-4/P-5 Encapsu- 
l a t e d  X-Ray Tube 
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'.: 
a s  made of 2024 aluminum p l a t e  (see Figure 3-10) 
s machined t o  a t h i n  w a l l  w i t h  i n t e r n a l  r i b s  and 
I n  a d d i t i o n ,  two a d d i t i o n a l  space- s u i t a b l e  mounting holes .  
c r a f t  instrument  mounting holes  were placed i n t o  bosses  on 
the cover, a s  per a HAC/JPL/PEI spacecraf t  i n t e r f a c e  meeting 
held on May 8 & 9,  1963. This p rov i s ion  allowed for  t h e  ad- 
d i t i o n  of a s p a c e c r a f t  b racke t  fo r  improved instrument sup- 
port. 
p la te .  
F igure  3-10 i s  a view of t h e  Head showing t h i s  r e a r  
3) 
March 11, 1963, a d d i t i o n a l  c i r c u i t r y  was added t o  t h e  Head 
e lectronics  board t o  prevent  no ise  pu l ses  from t r i g g e r i n g  t h e  
command i n p u t  c i r c u i t s .  A l a r g e r  board was designed t o  mount 
t h e  added c i r c u i t r y .  
t h i s  i nc rease  i n  s ize ,  t h e  board had t o  be r eo r i en ted  wi th  
respect t o  the  s i d e  w a l l  of the  d u s t  cover cas t ing .  
r e s u l t ,  t h e  des ign  of t h e  board guide r a i l  was modified. 
"No  Tr imer"  C i r c u i t r y .  A s  p e r  J P L  ECR No.  PEI-2 dated 
I n  order f o r  t h e  Head t o  accomodate 
A s  a 
4 )  Chanqe i n  Connector Type. I n  Model P - 3 ,  t h e  use of a 
s p l i t  p l a t e  and oversized holes  i n  t h e  c a s t i n g  w a l l  permitted 
t h e  cab le  harnesses  t o  be preassembled e x t e r n a l  t o  t h e  equip- 
ment. The f lange  of t he  connectors was mounted t o  t h e  s p l i t  ,_.. 
pla , te  which i n  t u r n  was mounted 'd i rec t ly  t o  t h e  cas t ing .  
I n  o r d e r  t o  e l imina te  t h e  s p l i t  p l a t e  and i t s  a s soc ia t ed  
hardware, "D8I mounting-type connectors  a r e  used. The cable  
ha rness  connectors  can then  be mounted d i r e c t l y  t o  the  cas t -  
i n g  w a l l  and held i n  place by jam nuts .  
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F i g u r e  3-10: Model P-4/P-5 D i f f r a c -  
tometer Head (Rear V i e w )  
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3.2 Compartment B Elec t ron ic s  
3.2.1 E l e c t r i c a l  
The goniometer s t e p p e r  motor commands, te lemetered from t h e  
ground s t a t i o n ,  a r e  s e n t  t o  the  motor command memory. Th i s  
c i r c u i t  (see Figure 3-11) i s  a t e t r a s t a b l e  device which, 
upon r e c e i p t  of a command, cancels t h e  previous and s t o r e s  
t h e  new command. 
a r e  s e n t  t o  t h e  c lock  mixer. 
NOR c i r c u i t s , w h i c h  accept  t he  motor commands, followed by a 
NOR/inverter combination, which provides  a s i n g l e  w i r e  ou t -  
pu t .  Depending upon which command has been given, two of 
t h e  t h r e e  NOR c i r c u i t s  a r e  d isab led  by t h e  motor command 
memory. The t h i r d  NOR, being enabled, a l lows a p a r t i c u l a r  
c l o c k  frequency t o  be passed through t o  t h e  NOR/inverter. 
The outputs  from t h e  motor command memory 
This  c i r c u i t -  c o n s i s t s  of t h r e e  
T h i s  c lock  frequency c o n t r o l s  t h e  r a t e  a t  which t h e  goniom- 
eter d r i v e  motor r o t a t e s .  I n  t h e  normal scan mode (Forward), 
t h e  f requency is 5.6cps which corresponds t o  a goniometer 
scan  of 0.5' pe r  minute. 
quency i s  45cps which corresponds t o  a goniometer scan of 
4.0' p e r  minute. 
which corresponds t o  a scan of 8' per  minute. These fre- 
quencies  a r e  obtained by b inary  frequency d i v i s i o n  of an 
a s t a b l e  m u l t i v i b r a t o r ,  o s c i l l a t i n g  a t  9Ocps. 
I n  t h e  F a s t  Forward mode, t h e  f r e -  
I n  t h e  Reverse mode, t h e  frequency i s  9Ocps 
The ou tpu t  of t h e  clock mixer  i s  appl ied  t o  t h e  " r e v e r s i b l e  
s c a l e  of fou r"  c i r c u i t  which c o n s i s t s  of t w o  complementary 
b i n a r y  s t a g e s  and t w o  NOR/inverter combinations. 
upon t h e  d i r e c t i o n  of scan commanded, t h e  second b ina ry  i s  
Depending 
b 
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tr iggered from e i ther  t h e  "1" o r  "0" side of the f i rs t  f l i p -  
f lop ,  T h i s  " s t e e r i n g "  i s  accomplished by the  use  of t h e  NOR 
c i r c u i t s  which a r e  enabled and d i sab led  by t h e  state of t h e  
motor command memory. 
s t a g e s  a r e  app l i ed  t o  t h e  motor s t e p  genera tor .  
The four  collectors of t h e  b ina ry  
The motor s t e p  gene ra to r  cons i s t s  of a group of fou r  NOR/ 
double i n v e r t e r  combinations. 
forms from the  " r e v e r s i b l e  s c a l e  of fmr" c i r cu i t  are  matrixed 
i n  these NOR c i rcui ts ,  r e s u l t i n g  i n  t h e  appearance of a 
series of sine-sequenced pulses  a t  t h e  fou r  outputs  of t h e  
motor s t e p  gene ra to r .  
amplifiers, i n  t h e  D i f f r a c t o m e t e r  Head, which d r i v e  t h e  gon- 
iometer d i g i t a l  s t eppe r  motor, 
The f l i p - f l o p  c o l l e c t o r  wave- 
These ou tpu t s  a r e  appl ied  t o  t h e  power 
3 . 2.2  Mechanica 1 
There were f e w  changes incorporated i n  Compartment B (see 
F igure  3-12) from t h e  ea r l i e r  Models A,  P-1, P-2 and Models 
P-3, P-4, P-5. The main d i f f e r e n c e s  w e r e  i n  t h e  layout  of 
t he  two d i s t r i b u t i o n  boards,  i n  the  mechanical design of t h e  
housing, and t h e  a d d i t i o n  of "no t r i g g e r "  c i r c u i t r y .  
1) Dis t r ibu t ion .  Board Layout. The two d i s t n  but ion  boards 
provide the  e lectr ical  in te rconnec t ions  between the  s i x  cord- 
wood modules and t h e  two e l e c t r i c a l  connectors  t h a t  comprise 
t he  package. I n  t h e  redesign,  t h e  w i r e s  from t h e  t w o  con- 
n e c t o r s  were brought t o  sepa ra t e  t e rmina l s  on t h e  d i s t r i b u -  
t i o n  boards.  T h i s  permit ted the  wi r ing  harnesses  t o  be fab- 
r i ca t ed  e x t e r n a l  t o  the  u n i t  and allowed the  w i r e s  t o  be 
b 
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F i g u r e  3-12: Model P-4/P-5 Compart- 
ment B E l e c t r o n i c s  U n i t  
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so ldered  wi thout  d i rec t  a p p l i c a t i o n  of hea t  t o  t h e  module 
l eads .  I n  a d d i t i o n ,  t h e  in te rwir ing  between t h e  t w o  d i s t r i -  
b u t i o n  boards was s impl i f i ed  by t h e  use of a row of te rmina ls  
on t h e  ad jacen t  edges of the  boards .  
connect ing w i r e ,  a t lhinge" was formed t h a t  enabled t h e  t w o  
boards t o  be folded o u t  (see Figure 3-13). 
By looping each i n t e r -  
2 )  Mousins Desiqn. To allow room f o r  t h e  d i s t r i b u t i o n  board 
in t e rconnec t ing  w i r i n g  "hinge" , t h ~  i n te r r ;aA aluminum frame 
was made i n t o  a square lIC1l shape w i t h  t h e  wir ing  loop i n  t h e  
open s i d e  of t h e  clC".  The connector p l a t e  and basep la t e  a r e  
a t t ached  t o  t h e  top and bottom edges of t h e  "C" frame, re- 
s p e c t i v e l y ,  whi le  the d i s t r i b u t i o n  board assemblies a r e  fas -  
tened  t o  t h e  f a c e s  of t h e  frame. A f ive-s ided t h i n  aluminum 
cover f i t s  over t h e  e n t i r e  assembly, and a f lange  on t h e  bot- 
t o m  edge of t h e  cover i s  u s e d . t o  f a s t e n  t h e  cover t o  t h e  
b a s e p l a t e .  Two a d d i t i o n a l  screws secure t h e  t o p  of t h e  
cover t o  t h e  connector p l a t e .  
During developmental v i b r a t i o n  t e s t i n g ,  t w o  problems were 
encountered: f a t i q u e  cracking of t h e  cover f l ange  along t h e  
bend l i n e  and a l o w  resonant  frequency of t h e  complete u n i t  
which r e s u l t e d  i n  l a r g e  displacements. 
The s o l u t i o n  was t o  incorporate  a t h i n  s teel  s t i f f e n e r  p l a t e ,  
on t h e  v e r t i c a l  back edge of t h e  V" frame, s l i g h t l y  narrower 
t h a n  t h e  width of t h e  basepla te  (see Figure 3-12). The cover 
was then  made w i t h  f o u r  s ides  and no bottom f lange ,  wi th  t h e  
open side mating w i t h  t h e  s t i f f n e r  p l a t e .  A f l ange  was 
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tu rned  on the  cover along the t w o  edges of t h i s  open s ide .  
The cover  f i t s  over grooves i n  the  s t i f f n e r  pla te  and is 
screwed t o  t h i s  s i d e  and t o  t h e  connector p l a t e .  
s t r u c t i o n  r a i s e d  t h e  resonant  frequency, thereby  reducing t h e  
displacement  t o  a n  acceptable  l e v e l .  
T h i s  con- 
3)  " N o  Tr iqqer"  C i r c u i t r y .  The motor command memory cord- 
wood module was redesigned t o  inco rpora t e  t he  a d d i t i o n  of 
the "no t r i g g e r "  c i r c u i t r y  (see Paragraph 3.1.1) . 
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3 . 3  Power Supply 
3.3.1 E l e c t r i c a l  
A b lock  diagram of t h e  Diffractometer  Power Supply i s  shown 
i n  Figure 3-14. 
5v-7v p-p AC square wave, Gvdc, and 28vdc. It  consists of 
t w o  s a t u r a b l e  core  DC-AC i n v e r t e r s  (a high vol tage  o s c i l -  
l a t o r  and a low vol tage  o s c i l l a t o r )  , a common emitter o s c i l -  
l a t o r  (2kv o s c i l l a t o r ) ,  t h e i r  a s soc ia t ed  vol tage  m u l t i p l i e r s ,  
r e c t i f i e r s ,  f i l t e r s ,  and vol tage  r e g u l a t o r s .  I n  a d d i t i o n ,  
t h e  h igh  vo l t age  i n v e r t e r  has a command c i r c u i t  a s soc ia t ed  
w i t h  it t o  enable  remote on-off c o n t r o l  of t h e  25kv output .  
The supply d e l i v e r s  25,00Ovdc, 2000vdc, 
The s p a c e c r a f t  28vdc i s  de l ivered  t o  t h e  high vol tage  o s c i l -  
l a t o r  through a PNP t r a n s i s t o r  which i s  e i t h e r  cut-off o r  
s a t u r a t e d ,  a s  determined by t h e  s t a t e  of a b i s t a b l e  multi-  
v i b r a t o r .  The cond i t ion  of t h i s  b i s t a b l e  i s  a func t ion  of 
t h e  command pu l se  l a s t  received;  hence t h e  high vo l t age  os- 
c i l l a t o r  can be turned on or o f f  v i a  t h e  command c i r c u i t .  
The high vo l t age  o s c i l l a t o r  i s  a common c o l l e c t o r  s a t u r a b l e  
core DC-AC i n v e r t e r  de l ive r ing  a ,  2500.vol t  peak square wave a t  
5kc t o  a IOX vo l t age  m u l t i p l i e r .  
p l i e r  i s  25,00Ovdc/l ma ( 2 5  w a t t s ) .  
The output  of t h e  mult i -  
The l o w  vo l t age  o s c i l l a t o r  rece ives  a regula ted  vol tage  of 
approximately 2lvdc a s  determined by t h e  X-ray tube  beam cur- 
r e n t .  This  o s c i l l a t o r  i s  a common emitter s a t u r a b l e  core 
DC-AC i n v e r t e r  w i t h  c o l l e c t o r  t o  base RC c ros s  coupling; t h e  
feedback is  t h u s  nqt: obtained i n  t h e  s tandard fash ion ,  i .e .  
by  s e p a r a t e  windings on t h e  core.  The frequency, however, is 
determined by  the  core  from t h e  s tandard Faraday equat ion ,  
E = (4NPf) lo'* and is approximately 8kc. One output  winding 
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of t h i s  o s c i l l a t o r  d i r e c t l y  d r ives  t h e  X-ray t u b e  f i lament ;  
t h u s ,  t h e  amplitude of t h i s  square wave (approximately 6v 
p-p) d i r e c t l y  controls t h e  magnitude of t h e  X-ray tube beam 
c u r r e n t .  
r e n t  i s  generate'd i n  t h e  high vo l t age  1OX m u l t i p l i e r  and 
c o n t r o l s  a series vol tage  r egu la to r  feeding  t h e  low vol tage  
o s c i l l a t o r .  
A small DC vol tage  p ropor t iona l  t o  t h e  beam cur- 
Hence, t h e  beam c u r r e n t  i s  regula ted  t o  1 ma. 
A second ou tpu t  from t h e  low vol tage  o s c i l l a t o r  d r i v e s  a 
f u l l  wave b r idge  r e c t i f  i e r - f  i l t e r  and a n  a s soc ia t cd  voltage 
r e g u l a t o r  (Zener diode)  to)  ob ta in  a 6vdc r egu la t ed -ou tpu t .  
The t h i r d  winding i s  referenced t o  t h e  6vdc supply and d r i v e s  
a f u l l  wave r e c t i f i e r - f i l t e r  and a vol tage  r e g u l a t o r  (Zener 
d iode)  t o  o b t a i n  a 28vdc regula ted  output .  
The o s c i l l a t o r  f o r  t h e  2000vdc output  i s  supplied wi th  a. reg- 
u l a t e d  DC vo l t age ,  o s c i l l a t e s  a t  approximately 100kc, and 
d r i v e s  an 8X vol tage  m u l t i p l i e r .  
p l i e r  i s  f i l t e r e d  through a th ree-s tage  R-C network, g iv ing  
2000vdc. The m u l t i p l i e r  output i s  sensed through a r e s i s t o r  
d i v i d e r  which d r i v e s  a d i f f e r e n t i a l  a m p l i f i e r  of t h e  vol tage  
r e g u l a t o r .  
The output  of t h e  m u l t i -  
A "no t r i g g e r "  c i r c u i t  (see Paragraph 3.1.1) was incorporated 
i n  t h e  power s u p p l i e s  for Models P-4 and P-5.  
3.3.2 Mecha n ica  1 
The Model P-3 power supply was designed w i t h i n  t h e  o v e r a l l  
c o n f i g u r a t i o n  p resc r ibed  by t h e  i n s t r u m e n t  s p e c i f i c a t i o n ,  
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b u t  i n t e r n a l l y  cons t ruc ted  f o r  l abora to ry  use.  
complied wi th  f u n c t i o n a l  and conf igura t ion  requirements and 
performance requirements i n  a thermal environment. 
no mechanical environmental t e s t s  w e r e  performed on t h i s  
model. Models P-4 and P-5, however, were packaged t o  meet 
t h e s e  l a t t e r  requirements.  
T h i s  u n i t  
However, 
The power supply c o n s i s t s  of f i v e  b a s i c  subassemblies: 
1) mechanical s t r u c t u r e  
2) DC-AC i n v e r t e r s .  (2) 
3) e l e c t r o n i c s  board- 
4)  1OX vo l t age  m u l t i p l i e r  block 
5) 8X vo l t age  m u l t i p l i e r  
h 
1) Mechanical S t r u c t u r e .  The power supply measures (see 
F igures  3-15 and 3-16) 8" x 8" x 4"  and weighs approximately 
9 pounds. 
b a s e p l a t e  welded t o  t w o  opposi te  side wal l s .  There a r e  a l s o  
t w o  i n t e r n a l  v e r t i c a l  p l a t e s ,  welded t o  t h e  basep la t e ,  for  
mounting t h e  2N1616 power t r a n s i s t o r s .  I n  t h i s  manner, t h e  
power d i s s i p a t i n g  components a r e ,  i n  effect ,  connected t o  
t h e  b a s e p l a t e  which i s  t h e  r a d i a t i n g  su r face  when t h e  u n i t  i s  
mounted on t h e  spacec ra f t .  
It  i s  constructed of AZ3l.A magnesium wi th  a ribbed 
The t w o  remaining side wa l l s  a r e  screwed t o  t h e  welded frame, 
forming t h e  b a s i c  box s t r u c t u r e .  The t o p  cover s e a t s  on 
f l a n g e s  turned  over on t h e  side wa l l s .  This  cover p l a t e  i s  
provided w i t h  f o u r  1/4-20 holes  f o r  mounting t h e  u n i t  on t h e  
s p a c e c r a f t .  Thes,e ho les  a re  equipped wi th  Keensert type in-  
serts for t h read  s t r e n g t h  and t o  permit  repeated screw inse r -  
t i o n s  . b 
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This  s t r u c t u r a l  arrangement permits removal of t h e  t w o  s i d e  
w a l l s  and cover f o r  s e r v i c i n g  and removal of p a r t s  or subas- 
semblies. 
v e r t i c a l  walls SQ as not  t o  d i s t u r b  t h e  i n t e r n a l  harnessing 
when the unit i s  opened f o r  s e rv i c ing ,  
The connectors a r e  mounted t o  one of t h e  f ixed  
A thermal  a n a l y s i s  of t h e  power supply ind ica t ed  t h e  need 
f o r  t h e  fol lowing f i n i s h e s  (see Figure 3-17 for su r face  
r e f e r e n c e s )  shown i n  Table 3-2. 
Table 3-2: Model P-4/P-5 Power Supply Surface F in i shes  
~~ 
Sur face  Materia 1 Surface F in i sh  Thermal F in i sh  
A l a  Mg AZ3l.A Dow N o .  9 HAC White P a i n t  
A 2  Mg AZ3l.A D o w  No. 9 HAC White P a i n t  
A3 ' Mg AZ31A Dow No. 9 HAC White Pa in t  
A4' Mg AZ3lA Dow N o .  9 HAC White Pa in t  
A 5  ' Mg AZ3l.A Dow No. 9 HAC White P a i n t  
A6 ' Mg AZ3l.A Dow N o .  9 Polished Mg 
I n t e r i o r  Mg AZ3lA Dow No .  9 Dow No. 9 
2 )  DC-AC I n v e r t e r s .  The low and high vol tage  i n v e r t e r s  
( o s c i l l a t o r s )  w e r e  o r i g i n a l l y  loca ted  i n  d iagonal ly  oppos i te  
corners of t h e  power supply case .  Both o s c i l l a t o r s  u s e  t w o -  
p i e c e  cores (U and I cores) made by Ferroxcube Corporation 
of America, Numbers 1F10-3C5 and lFlOB4-3C5, r e spec t ive ly .  
A clamping arrangement was designed t o  capture  t h e  two p ieces  
i n  t h r e e  or thogoqal  axes .  I n  a d d i t i o n ,  t h e  bottom p a r t  of 
t h e  clamp was secured t o  the  basep la t e  and to t h e  corner  of 
t w o  s i d e  p l a t e s .  * 
, 
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A s  described i n  Paragraph 3.1.2.3, the  f i l amen t  t ransformer I 
of t h e  low vo l t age  o s c i l l a t o r  was removed and incorporated 
i n t o  t h e  encapsulated module of t h e  X-ray tube.  
3)  E l e c t r o n i c s  Board. The e l e c t r o n i c s  board (see Figure 
3-18) i s  a two-sided f l a t  p r in t ed  c i r c u i t  design. 
t i c a l l y  mounted between, and perpendicular  t o ,  t h e  two t r a n -  
s i s t o r  mounting p l a t e s .  The board f a c e s  one of t h e  removable 
s i d e  w a l l s  t o  f a c i l i t a t e  s e rv i c ing ,  t e s t ,  and a d j u s t m e n t .  
I t  i s  ver- 
In t e rconnec t ion  w i r e s  to '  t h e  board a r e  terminated a t  ter-  
minals  l o c a t e d  along t h e  edge of t h e  board. This keeps hea t  
due t o  s o l d e r i n g  away from the components. 1 
4) 1OX Voltacre M u l t i p l i e r  Block. The 1OX vol tage  m u l t i p l i e r  
b lock  (2.5kv t o  25kv) conta ins  t e n  high vol tage c a p a c i t o r s  
and a s s o c i a t e d  resistors and diodes.  It  i s  loca ted  along one 
removable s i d e  w a l l  of t h e  power supply case  and i s  clamped 
t o  t h e  basep la t e .  The o r i g i n a l  des ign  housed t h e s e  compo- 
n e n t s  i n  a block made of mul t ip l e  p i eces  of G-10. The in -  
d i v i d u a l  p a r t s  of t h i s  block were f i t t e d  toge the r  and sea led  
u s i n g  epoxy adhesive S h e l l  828. To provide a d d i t i o n a l  a rc -  
over  supress ion ,  t h e  block was covered w i t h  a wrap of 10 m i l  
mylar shee t ing .  This  design funct ioned wel1,and no high 
v o l t a g e  f a i l u r e s  were encountered. 
Encapsulat ion of the  X-ray t u b e  (see Paragraph 3.1.2.3) made 
it apparent  t h a t  t h e  same technique should be appl ied  t o  t h e  
vo l t age  m u l t i p l i e r  block. The block was designed i n  a 
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c o n f i g u r a t i o n  s u i t a b l e  fo r  vacuum cas t ing .  
b e f o r e  and a f t e r  c a s t i n g ,  i s  shown i n  F i g u r e  3-19. The 
b lock  i s  clamped t o  t h e  base ,  a s  be fo re ,  w i t h  t h e  high vol t -  
age l e a d  p r o j e c t i n g  from a c y l i n d r i c a l  boot  which pro t rudes  
from t h e  power supply through a s lo t  i n  one of the  f ixed  s i d e  
w a l l s .  This  mounting permi ts  t h e  i n s t a l l a t i o n  and removal of 
t he  b lock  v i a  the ad jacen t  removable w a l l .  . 
The f i n a l  design,  
5) 8X Voltaqe M u l t i p l i e r .  Th i s  m u l t i p l i e r  for  the 2000vdc 
ou tpu t  i s  a p r i n t e d  c i r c u i t  cor&ood module loca ted  behind, 
and p a r a l l e l  t o ,  the  e l e c t r o n i c s  board. An epoxy g l a s s  
b a s e p l a t e  e l e c t r i c a l l y  i n s u l a t e s  the  m u l t i p l i e r  from t h e  
power supply basep la t e .  Bracke t s t a t t ached  t o  t h e  i n t e r n a l  
me ta l  t r a n s i s t o r  p l a t e ,  provide a d d i t i o n a l  s t r u c t u r a l  support .  
I. , 
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( a )  Before  Encapsu la t ion  
(b) A f t e r  Encapsu la t ion  
F igu re  3-19: 1OX Vol tage  M u l t i p l i e r  Block 
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3.4 S p e c i a l  T e s t  Equipment 
3.4.1 E l e c t r i c a  1 
The Dif f rac tometer  Cont ro l  Test  Panel ( tes t  rack)  provides  
fo r  t e s t i n g  of t h e  system while it i s  opera t ing .  I n  addi- 
t i o n ,  Compartment B and P-3 or  P-3D power s u p p l i e s  may be 
t e s t e d  t o g e t h e r  or  ind iv idua l ly .  
The Command Panel con ta ins  a l l  t h e  necessary switches t o  
o p e r a t e  t h e  system, and the P m e r  Or! switch ene rg izes  t h e  
system power supply.  The ''Threshold" switches select  t h e  
t h r e s h o l d  l e v e l  of the  Head e l e c t r o n i c s  c i r c u i t r y .  
v o l t a g e  (25kv) is tu rned  on o r  off by the  "HV ON" and "HV 
OFF" switches; an "X RAYS ON" l i g h t  i n d i c a t e s  t h a t  t h e  25kv 
i s  on. An X-ray timer monitors t o t a l  on-time of the  25kv, 
wh i l e  a system timer r e g i s t e r s  t h e  t o t a l  on-time of the en- 
t i r e  system. 
i n t o  one of i t s  f o u r  s t a t e s :  Forward, F a s t  Forward, Reverse, 
and Stop. 
The high 
Four push-buttons command the  goniometer motor 
The Output Panel i s  suppl ied w i t h  t he  mul t ip lex  (MX) s i g n a l  
from the  Head, monitored by  an "MX I N "  t e s t  po in t .  This  
s i g n a l  appears  on t h e  "Channel 1 Out"  BNC connector and i s  
a t t e n u a t e d  by Odb and 40db a s  determined by t h e  "Atten" 
swi tch .  The angle  marker output  from Compartment B i s  a l s o  
supp l i ed  t o  t h i s  pane l  and appears on t h e  "+-MKR" test po in t ;  
t h i s  s i g n a l  i s  converted t o  a 115v, 6Ocps pu l se  and appears 
on the  "Recorder Solenoid" output  jack.  
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The T e s t  Poin t  Panel con ta ins  twelve p i n  j ack  r e c e p t a c l e s  
monitor ing 
p o i n t s  i n  t 
The Logic C e s t  Panel is inope ra t ive  during system 
ope ra t ion .  When a Compartment B u n i t  i s  plugged i n t o  t h e  
t r a y  and t h e  t r a y  depressed,  t h e  u n i t  is  energized while  
any e x t e r n a l l y  connected system i s  de-energized. Thus, t h i s  
pane l  enab le s  an i n d i v i d u a l  Compartment B u n i t  t o  be t e s t e d  
independent ly  of t h e  r e s t  of t h e  system. 
f o u r  "Motor Command" push-button switches and t h r e e  push- 
b u t t o n s  whose func t ions  a r e  t o  s imula te  microswitch commands 
normally suppl ied  by t h e  Head- s-MKR, Home, and Reverse Com- 
mands. There a r e  e leven  t e s t  p o i n t s  on a recessed panel  be- 
hind a f l a p  and two t e s t  p o i n t s  below t h e  t r a y .  
monitor on ly  t h e  Compartment B u n i t  mounted on t h e  t r a y .  
t e s t  p o i n t s  i n  t h e  power supply and s i x  t e s t  
The Panel conta ins  
These p o i n t s  
The HV Monitor Panel i s  used w i t h  a P-3 or P-3D power supply. 
If a system i s  connected t o  t h e  "HV Out"  jack ,  then  t h e  panel  
monitors  on ly  t h e  f i l amen t  vo l t age  (on a recessed meter v i s -  
ib le  v i a  a p r i sm) .  I f  t h e  "HV O u t "  plug i s  removed, then a 
res is t ive load i s  i n t e r n a l l y  switched ac ross  t h e  25kv output  
and monitored by t h e  "HV Load Current"  and "High Voltage" 
meters. 
A r eco rde r  mounted i n  t h e  rack  monitors t h e  var ious  t h e r m a l  
s e n s o r s  d i s t r i b u t e d  throughout t h e  system. It i s  p r e s e n t l y  
wired  t o  read 4 thermal  sensors ,  3 times per  cycle .  A con- 
s t a n t  c u r r e n t  source a s soc ia t ed  w i t h  t h e  recorder  i s  mounted 
i n t e r n a l l y  w i t h i n  t h e  rack and e x t e r n a l  t o  t h e  recorder ,  
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The power supply,mounted i n  t h e  bottom of t h e  rack, supplies 
28vdc t o  t h e  system power supply and s imula tes  t h e  spacec ra f t  
DC supply. 
3.4.2 Mechanical 
The s p e c i a l  t es t  equipment i s  housed i n  a seven-foot JPL- 
suppl ied  rack  (see Figure 3-20). It conta ins  t h e  following 
i t e m s  : 
db Power Panel  
Q Temperature Recorder 
d) Command Panel  
0 Output Panel 
b, T e s t  Poin t  Panel  
6 Logic Control  T e s t  Panel 
(b High Voltage Monitor Panel 
8 Low Voltage Supply 
Connector Panel (rear-mounted) 
These u n i t s  were designed and cons t ruc ted  i n  accordance w i t h  
good commercial p r a c t i c e s ,  us ing  s tandard l abora to ry  u n i t s .  
The t e s t  r ack  has  a s l ide-out  t r a y  equipped w i t h  a Compart- 
ment B harness  assembly. When Compartment B u n i t  is connected 
t o  the  harness  and the  t r a y  i s  pushed i n t o  the  r a c k , ' t h e  
e lec t r ica l  i n t e r l o c k  of the  s l i de  mechanism disconnec ts  the  
.. 
Dif f r ac tomete r  Power Supply and . supp l i e s  rack  power only  t o  
Compartment B. 
The High Voltage Monitor Panel was designed for Models P-3D 
and P-3. The Panel  cannot be used fo r  Models P-4 and P-5, 
s i n c e  t h e  h igh  vo l t age  output  and inpu t  a t  t h e  power supply 
and X-ray tube ,  qespec t ive ly ,  a r e  encapsulated (see Para- 
graph 3.1.2.3). . 
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F i g u r e  3-20: D i f f r a c t o m e t e r  
C o n t r o l  T e s t  
P a n e l  
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/ 
The cab l ing  from t h e  t e s t  rack t o  t h e  Diffractometer  i s  ac- 
complished by t h r e e  pane l  connectors loca ted  a t  t he  r e a r  
bottom of t h e  rack.  
hinged door which has  power l i n e  i n t e r l o c k s .  
The r e a r  of t h e  rack i s  enclosed by a 
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3 . 5  P-3 Thermal Model 
Thermal models of t h e  Head and Power Supply were de l ivered  i n  
accordance wi th  J P L  Contract  #950158 Mod 9. These u n i t s  were 
designed and f a b r i c a t e d  f o r  use:  i n  determining t h e  steady- 
s t a t e  ope ra t ing  temperature during t h e  t h r e e  spacecraf t  envi- 
ronmental phases: t r a n s i t ,  lunar  day, and lunar  n igh t .  They 
provide t h e  necessary elements t o  s imula te  both r a d i a t i o n  
and conduction coupling. 
3.5.1 Head 
The thermal  model was designed t o  s imulate  t h e  mechanical 
and thermal  i n t e r f a c e s  between t h e  Head and t h e  Surveyor 
s p a c e c r a f t .  Though the  model was designed and f ab r i ca t ed  
f o r  t h e  P - 3  ver s ion ,  no s i g n i f i c a n t  changes were made i n  t h e  
P-4 des ign  t h a t  would inva l ida t e  t h e  s imulat ion provided by 
t h e  P-3 model. 
To a c c u r a t e l y  s imulate  t h e  mechanical i n t e r f a c e ,  a d u s t  cover 
c a s t i n g  (PSD Drawing #101221, rejected for  an i n t e r n a l  s t ruc -  
t u r a l  d e f e c t )  was used a s  t he  thermal  model housing. The 
c a s t i n g  was machined t o  provide an i n t e r f a c e  i n  accordance 
w i t h  HAC Drawing #261877. A rejected goniometer cas t ing  
was mounted i n  p o s i t i o n  i n s i d e  t h e  housing. This provided 
some thermal  mass c h a r a c t e r i s t i c s  b u t  was p r imar i ly  used t o  
give i n t e r n a l  view f a c t o r s  between t h e  hea ter  elements and 
t h e  e x t e r n a l  environment. 
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The i n d i v i d u a l  h e a t  d i s s i p a t i n g  elements were phys ica l ly  
s imulated by f a b r i c a t e d  p a r t s  of comparable size and shape. 
Heater b l anke t s  were then  a f f ixed  t o  t h e s e  items t o  d i s s i p a t e  
h e a t  i n  accordance wi th  t h e  following t a b l e :  
Table 3-3: Thermal Model Heaters  - Head 
- . Item- t o -  be . Uniform Heat ,Dissipa-  Approx. Max, 
No.  . Simulated t i o n  8 28vdc’ (wat t s )  Temp. (OF) 
1 X-Ray Tube 60.00 400 
2 Motor 4-00 200 
3 Head Electronics  0.67 200 
C i r c u i t  0.33 200 
4 Motor Drive 
The h e a t  d i s s i p a t i o n  f i g u r e s  r ep resen t  twice t h e  wat tages  
d i s s i p a t e d  by  t h e  a c t u a l  components a t  28vdc. 
r u n n i n g ’ a t  approximately 20vdc t o  achieve t h e  proper hea t ing  
e f f e c t  , 
This enables  
The temperatures  noted i n  Table 3-3 nepresent  approximate 
temperatures  a s  determined from t h e  thermal a n a l y s i s  con- 
ducted a t  P E I .  
proach t o  t h e  a n t i c i p a t e d  a c t u a l  temperatures,  al lowing for 
s u r f a c e  f i n i s h e s  and t h e  sun d i r e c t l y  overhead a t  l una r  noon. 
These temperatures were a conservat ive ap- 
The h e a t e r s  were f ab r i ca t ed  by Cox & Company of New’York C i ty  
t o  s p e c i f i c a t i o n s  supplied by P E I .  The h e a t e r s  w e r e  secured 
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t o  the mechanical e lements  by an  adhesive suppl ied by Cox 
and cured i n  a vacuum chamber maintained a t  approximately 
l o m 6  tor r .  The e l e c t r i c a l  schematic f o r  t h i s  u n i t  i s  PSD 
Drawing #101556. 
3.5.2 Power Supp ly  
The Power Supply thermal  model was designed and f ab r i ca t ed  
i n  a manner s i m i l a r  t o  t h e  Head. That is ,  an a c t u a l  power 
supply magnesiux frame was used wi th  appropr i a t e  welded mem- 
bers. Fabr ica ted  p i eces  simulated t h e  two t ransformers ,  the 
2kv module and t h e  p r i n t e d  c i r c u i t  board assembly. 
determined t h a t  t h e r e  was no measurable hea t  d i s s i p a t i o n  
from t h e  10-times m u l t i p l i e r  module, t h e r e f o r e ,  s imulat ion 
of t h a t  assembly was unnecessary. 
shown i n  Table 3-4. 
It was 
Heaters  were provided a s  
Table 3-4: Thermal Model Heaters  - Power Supply 
I t e m  t o  be Uniform Heat Dissipa- Approx.Max. 
N o .  S imu l a  t ed t i o n  @ 28vdc (wat t s )  Temp. ( O F )  
1 Main P r in t ed  
C i r c u i t  Board 2.00 
2 2kv Module 0.07 
3 Power T r a n s i s t o r s  
( L e f t )  18.00 
4 Power T r a n s i s t o r s  
(Right) 34.00 
5 Power Transformer 6.00 
6 Filament Trans- 
former 3.00 
200 
200 
200 
200 
200 
200 
I 
I 
I 
I 
I 
1 
i 
I 
I 
i 
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The h e a t e r  elements w e r e  supplied by Cox & Company of New 
Y o r k  Ci ty ,and w e r e  designed fo r  use i n  a hard vacuum environ- 
ment. 
h e a t i n g  power of t h e  a c t u a l  components. 
w i l l  occur a t  approximately 20vdc. 
f o r  t h i s  u n i t  i s  PSD Drawing #101556. 
I 
The f i g u r e s  f o r  h e a t  d i s s i p a t i o n  r ep resen t  twice t h e  
Nominal d i s s i p a t i o n  
The e l e c t r i c a l  schematic 
I 
I 
.. 
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4. SYSTEM TESTS 
4.1 Developmental Tests 
A series of developmental t es t s  were performed t o  v e r i f y  t h e  
Dif f rac tometer  instrument  design. 
on components, subassemblies,  and assemblies.  The t e s t s  in-  
cluded l o w  and high temperature,  shock, v i b r a t i o n ,  vacuum, 
and thermal  vacuum. 
These tes ts  were conducted 
4.1 . 1 Thermal Vacuum 
Since thermal  vacuum tests of t h e  r o t a t i n g  p o r t i o n  of t h e  
Dif f rac tometer  Head a r e  highly important ,  i n d i v i d u a l  t es t s  
were performed on t h e  motor and goniometer. 
t h e s e  t e s t s  a r e  shown i n  Appendix A .  
The r e s u l t s  of 
The thermal  vacuum t e s t  of t h e  motor was run a s  a component 
t e s t  w i t h  a f i x t u r e  s imulat ing t h e  mounting and thermal mass 
of t h e  goniometer. 
b l a n k e t  a t t ached  t o  t h e  mounting f i x t u r e  which conducted t h e  
h e a t  t o  t h e  motor. The temperature was held a t  approximately 
+95'C i n  a vacuum environment of 2 . 8  x 10°smm Hg. 
was run  f o r  s i x  days and performed s a t i s f a c t o r i l y .  
The input  hea t  was introduced by a hea te r  
The motor 
Although t h i s  t e s t  was made on a motor t h a t  had bear ings  
impregnated w i t h  "Microseal" d r y  lub r i ca t ed  bear ings  ( a s  
c o n t r a s t e d  w i t h  t h e  "Bar Temp" bear ings  used' on e a r l i e r  
models ) ,  t h e  "Bar Temp" type u n i t  was a c t u a l l y  used i n  Models 
P-3, P - 4 ,  and P-5.  This choice was based upon a confidence 
level  e s t a b l i s h e d  dur ing  the  t e s t i n g  of the e a r l i e r  models. 
. .  
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I n  a d d i t i o n ,  "Microseal" was considered too recen t  and, 
fore ,  a process no t  q u a l i f i e d  by  experience.  
there-  
The thermal  vacuum t e s t  of the  Head was conducted wi th in  a 
shroud t h a t  permit ted c o n t r o l  of t h e  opera t ing  temperatures 
a s  per JPL S p e c i f i c a t i o n  No .  31144. The shroud (within a 
b e l l  j a r )  was equipped w i t h  hea t ing  lamps and a surrounding 
c o i l  through which l i q u i d  n i t rogen  was passed. The temper- 
a t u r e s  of t w o  s i d e s  of t h e  Head were con t ro l l ed  by r a d i a n t  
coupling t o  t h e  shroud, w i t h  t h e  Head energized and scanning. 
The ho t  opera t ing  temperature was e f f e c t i v e l y  con t ro l l ed ,  bu t  
it was d i f f i c u l t  t o  maintain -4OOC f o r  an  extended per iod of 
t i m e  since t h e  l i q u i d  n i t rogen  was blown by t o o  f a s t .  
4.1.2 Vib ra t ion  
Vib ra t ion  tes t s  were conducted on t h e  Diffractometer  Head and 
Compartment B E lec t ron ic s  package i n  accordance wi th  HAC Spec- 
i f i c a t i o n  No.  224810 and PSD S p e c i f i c a t i o n  N o .  D2032. The 
i n i t i a l  t es t s  a r e  documented i n  Belock Instrument Corporation 
( B I C )  Report No.  1593-3 dated December 7, 1962. A second 
tes t  was made a t  B I C  on December 10 ,  1962, and documented i n  
Report N o .  1593-4. These t w o  t e s t s  covered t h e  s inusoida l  
v i b r a t i o n  requirements of the  app l i cab le  s p e c i f i c a t i o n s .  
Random v i b r a t i o n  t e s t s . w e r e  conducted a t  Associated T e s t i n g  
Laboratory (ATL) and documented i n  Report N o .  40-3613. These 
. t h r e e  r e p o r t s  a r e  included i n  Appendix B and C. . .  
The s t r u c t u r a l  responses t o  t h e  appl ied fo rces  led t o  t h e  re- 
d e s i g n  of t h e  Head and Compartment B ,  a s  prev ious ly  noted i n  
Paragraphs 3.1.2.2 and 3.2.2, r e spec t ive ly ,  
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4.2  Acceptance Tes ts  
The performance of Models P-4 and P-5 Diffractometers  was 
t e s t e d  according t o  T e s t  S p e c i f i c a t i o n  PDSL-F2016A. 
se tup ,  t e s t  procedure,  and t e s t  r e s u l t s  are included i n  Ap- 
pendix D, E ,  and F. 
The t e s t  
The acceptance t es t s  included t h e  fol lowing: .  
Q Goniometer Speed Tests 
QD Operating Tests 
@ Reproduc ib i l i t y  
8 Measurement of Video Channel Output C h a r a c t e r i s t i c s  
0 Measurement of Angular Marker Channel Output  
C h a r a c t e r i s t i c s .  
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5. CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions 
During t h i s  developmental program, P h i l i p s  E lec t ron ic  
Instruments  has  designed and developed s i x  Lunar X-Ray 
Dif f rac tometer  pro to types  ( th ree  models). These u n i t s  
were f a b r i c a t e d  and de l ivered  t o  J P L  over t h e  p a s t  t w o  
yea r s ;  each u n i t  underwent and passed acceptance tes ts  
and has  been ope ra t ing  f o r  varying per iods  of t h e  a t  JPL. 
J P L  des ign  s p e c i f i c a t i o n s  were m e t  by each model. 
lowing t a b l e  p r e s e n t s  t > - i c a l  s p r a t i n s  c h a r a c t e r i s t i c s  of 
models P-4 and P-5 when supplied w i t h  a proper ly  prepared 
sample. 
The fo l -  
Table 5-1: Model P-4/P-5 Typical  Performance Data 
Performance Required 
Peak i n t e n s i t y  a t  26' l i n e  
of q u a r t z  over  4OOOcps 23OOcps m i n  
Signa 1-to-ba ckground 90 27 
Goniometer speed accuracy 0.5% 1% 
Peak width  a t  ha l f  he igh t  0.17' 0.22' max 
Symmetry 
Reproduc ib i l i t y  
Max d e v i a t i o n  from peak 
count  r a t e  
1.07 
0.03' 
1.12 
0.05' 
2% 3% 
An a n a l y s i s  of t h e  resu l t s  of t h i s  program has ind ica t ed  t h e  
fol lowing possible a r e a s  of redesign: 
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a )  C i r c u i t  redes ign ,  s e l e c t i o n  of new and improved com- 
ponents,, and repackaging of t h e  Head, Compartment B 
E l e c t r o n i c s  u n i t ,  and t h e  Power Supply i n t o  a s i n g l e  
package. 
b) Redesign of t h e  goniometer (with sample holder  f ixed)  
t o  permit  the  Diffractometer  t o  be used w i t h  or w i t h -  
o u t  a s p a c e c r a f t  sample processor  and its t r a n s p o r t  
mechanism . 
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5.2 Desiqn Recommendation ( a )  
I 
Since t h e  p re sen t  Diffractometer  exceeds JPL s p e c i f i c a t i o n s  
f o r  i n t e n s i t y  and r e s o l u t i o n ,  it i s  p o s s i b l e  t o  reduce t h e  
power consumption of t h e  instrument wi thout  any s i g n i f i c a n t  
degrada t ion  i n  performance. 
power requirements  can be reduced by approximately 22 w a t t s  
o r  more. 
It i s  es t imated  t h a t  t h e  p re sen t  
A savings  i n  power of approximately 10 w a t t s  can be gained 
by reducing t h e  X-ray tube c u r r e n t  from l.Oma t o  0.6ma. The 
s p e c i f i c a t i o n s  c a l l  f o r  a minimum of 2300 counts per  S ~ C Q I - A ~  
(cps)  a t  t h e  26' l i n e  of qua r t z  and f o r  a signal-to-background 
r a t i o  of a t  l e a s t  27.  These requirements a r e  exceeded by 
pro to types  P-4 and P-5 which have i n  t h e  order  of 4OOOcps w i t h  
a signal-to-background of 90. This means t h a t  t he  mean de tec t a -  
ble  l i m i t  has been decreased t o  40% of t h a t  required by t h e  
s p e c i f i c a t i o n s .  A reduct ion of c u r r e n t  t o  0.6ma would s t i l l  
provide a t  l e a s t  25OOcps w i t h  t h e  signal-to-background s t i l l  
a t  90, and t h u s ,  t h e  instrument would have a mean d e t e c t a b l e  
l i m i t  bet ter  than  twice t h a t  requi red .  
This  decrease  i n  X-ray tube power w i l l  r e s u l t  i n  lower oper- 
a t i n g  temperatures  and, t h e r e f o r e ,  increased  t u b e  l i f e .  This  
r educ t ion  i n  high vol tage  power w i l l  a l s o  r e s u l t  i n  an  ad- 
d i t i o n a l  saving of 2 w a t t s  by t h e  use of smal le r ,  f a s t e r  
a c t i n g ,  less expensive t r a n s i s t o r s  i n  t h e  25kv supply. These 
t r a n s i s t o r s  d i s s i p a t e  less power and have a much higher  g a i n  
t h a n  t h e  ones p r e s e n t l y  being used. 
I 
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Figure  5-1: ' In tegra ted  Diffractometer 
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An a d d i t i o n a l  power saving of a t  l e a s t  10 w a t t s  can be ob- 
t a i n e d  by us ing  a new core m a t e r i a l  i n  t h e  t ransformers  of 
t h e  25kv and f i l amen t  suppl ies .  Th i s  would a l s o  r e s u l t  i n  
a r educ t ion  i n  s ize  and weight of t h e  f i l amen t  t ransformer.  
The p r e s e n t  d i f  f rac tomater  prototypes cons ig t  of t h r e e  sep- 
a r a t e  u n i t s  - Head, Compartment B E l e c t r o n i c s ,  and Power 
Supply. 
(see Figure 5-1) would s impl i fy  mounting i n  the  spacec ra f t ,  
e l i m i n a t e  in t e rconnec t ing  cables ,  and reduce the  size and 
weight  of the instrument .  
I n t e g r a t i n g  these t h r e e  u n i t s  i n t o  a common package 
It i s  es t imated  t h a t  t h i s  repackaging w i l l  reduce t h e  weight 
and s i z e  of t h e  instrument  from approximately 25  lbs .  and 
968 cu. i n . ,  r e s p e c t i v e l y ,  t o  approximately 18.5 l b s .  and 
750 cu. in . ,  r e s p e c t i v e l y .  
The X-ray tube  w i l l  be ro t a t ed  180' and the  mounting p l a t e  
w i l l  be machined t o  maintain t h e  e x i s t i n g  o p t i c a l  a x i s .  The 
X-ray tube ,  1OX m u l t i p l i e r ,  and f i lament  t ransformer w i l l  be 
a s i n g l e  encapsulated u n i t .  The volume formerly occupied by 
the X-ray tube  and P-3 boron n i t r i d e  connector w i l l  now con- 
t a i n  t he  2kv supply; high voltage o s c i l l a t o r ,  and a s soc ia t ed  
c i r c u i t r y .  
p r e v i o u s l y  mounted w i l l  now support  a l l  t h e  p r in t ed  c i r c u i t  
assemblies o f  the Compartment B Elec t ron ic s  package . 
assembly w i l l  consist of a d i s t r i b u t i o n  board and s i x  modules: 
t h e  e n t i r e  u n i t  w i l l  p lug i n t o  t h e  head cas t ing .  
The t o p  su r face  where t he  head connectors w e r e  
T h i s  
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5.3 Desiqn Recommendation (b) 
By use of a goniometer designed t o  have i t s  sample f i x e d ,  
t h e  p rev ious ly  mentioned spacec ra f t  sample processor  may be 
e l imina ted ,  I n  a d d i t i o n ,  t h i s  des ign  w i l l  enable  t h e  Dif- 
f rac tometer  t o  be used wi th  such a processor ,  without  any 
modi f ica t ion  involved,  should it be des i r ed .  
Two possible goniometer redesigns a re :  a )  X-Ray Dif fractom- 
e te r  w i t h  f i x e d  sample, r o t a t i n g  X-ray tube ,  and r o t a t i n g  de- 
t ec tor ;  and b) X-Ray D i f f r a z t o z c t e r  w i t h  f ixed  sample, f i xed  
X-ray tube ,  and r o t a t i n g  d e t e c t o r .  
5.3.1 Goniometer Redesign (Sample Fixed, X-Ray Tube Rotat ing,  
Detec tor  Rota t inq)  
1) B f f r a c t o m e t e r  Opt ics ,  The Seemann-Bohlin parafocusing 
geometry (see Figure 5-2) r e q u i r e s  t h e  X-ray.tube l i n e  source 
( F ) ,  r ece iv ing  s l i t  ( G ) ,  and t h e  curved sample holder  (S )  t o  
a l l  l i e  along t h e  same c i r c l e .  With such a geometry, a l l  
monochromatic X r a y s  d i f f r a c t e d  from i d e n t i c a l  p lanes  of t h e  
sample c r y s t a l s  w i l l  be focused a t  t h e  same po in t .  
Figure 5-2: Seemann-Bohlin Parafocusing Geometry 
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Replacing t h e  c o r r e c t l y  curved sample su r face  w i t h  e i t h e r  a 
tangential flat s u r f a c e  or a t a n g e n t i a l  su r f ace  of d i f -  
f e r e n t  cu rva tu re ,  w i l l  z e s u l t  i n  an out-of-focus d i f f r a c t e d  
beam. However, i f  t h e  i r r a d i a t e d  sample su r face  i s  no t  t o o  
long ,  t h e  beam w i l l  be only  s l i g h t l y  ou t  of focus. 
.. 
The pro to type  d i f f r a c t o m e t e r  geometry (see Figure 5-3) main- 
t a i n s  a 8, 28 r e l a t i o n s h i p  between t h e  sample holder  r o t a t i o n  
and t h e  r ece iv ing  s l i t  r o t a t i o n ,  w i t h  t h e  c e n t e r  of t h e  sample 
ho lde r  s h a f t  a s  t h e  a x i s  of r o t a t i o n .  
t h e  Seemann-Bohlin parafocusing c i r c l e  i s  cont inuously var ied .  
There i s  only  one angle  ( 2 8 )  of p r e c i s e  focusing w i t h  a curved 
sample s u r f a c e  - when t h e  r ad ius  of cu rva tu re  of the  sample 
s u r f a c e  i s  twice the r a d i u s  of t h e  c i rc le  on which t h e  rece iv-  
i n g  s l i t  moves. 
Thus, t h e  r a d i u s  of 
T h i s  28 ang le  of precise focusing i s  29.3'. 
' --r 
Figure  5-3: Prototype Dif f rac tometer  Geometry 
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I f  the curved sample w e r e  now t o  be f i x e d  and the detector 
s t i l l  r o t a t e d  a s  be fo re ,  then r o t a t i o n  of the X-ray t u b e  
would main ta in  the Seema-nn-Bohlin r e l a t i o n s h i p .  For t h i s  
conf igu ra t ion ,  r e s o l u t i o n  and i n t e n s i t y  would no t  be a f -  
f e c t e d .  
f l a t ,  t h e r e  would be a degradat ion of the  r e s o l u t i o n  espec- 
i a l l y  a t  t h e  angle  of p r e c i s e  focusing. This  degradat ion 
can be minimized by l i m i t i n g  t h e  a p e r t u r e  angle  so t h a t  a 
s m a l l e r  a r e a  of the  sample is i r r a d i a t e d ;  however, t h i s  
would r e s u l t  i n  a decreasc ir? i n t e n s i t y .  
However, i f  t h e  su r face  of t h e  sample were t o  be 
The p r e s e n t  d i f f r a c t o m e t e r ,  with a 25kv and 1 ma X-ray 
t u b e  and 0.009 inch rece iv ing  s l i t ,  records the  1 .01  l i n e  
of q u a r t z  wi th  a r e s o l u t i o n  of 0.186' (ha l f -wid th)  a t  a peak 
count  ra te  of approximately 42OOcps. Assuming t h e  same 
r e s o l u t i o n  as t h a t  f o r  a curved sample (obta ined  by decreasing 
the X-ray source a p e r t u r e ) ,  it is es t imated  t h a t  t h e  output  
i n t e n s i t y  i n  t h e  case  of t h e  f l a t  sample w i l l  decrease by a 
f a c t o r  of t h ree .  Thus, with t h e  X-ray tube a t  25kv, 1 ma, t h e  
i n t e n s i t y  would be approximately 14OOcps with a r e s o l u t i o n  of 
0.186' f o r  t h e  1 .01  q u a r t z  l i n e .  
2 )  Instrument  Descr ipt ion.  This goniometer redesign involves  
the fo l lowing  two b a s i c  motions: 
8 The X-ray tube  and d e t e c t o r  must  t r a v e r s e  comple- 
0 The X-ray t u b e  and d e t e c t o r  windows must  l i e  on 
mentary a r c s  along a focusing circle (3.347" r a d i u s ) ,  
t h i s  circle and be d i r e c t e d  a t  t h e  sample fo r  every 
p o s i t i o n  along the c i r c u l a r  path. 
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These func t ions  can be accomplished by the  design shown i n  
t h e  diagram, F igure  5-4. The weight and volume of a s i n g l e  
ins t rument  package employing t h i s  design i s  es t imated  t o  be 
17 lbs. and 750 cu. in .  , r e spec t ive ly .  
5. 3.2 Goniometer Redesign (Sample Fixed, X-Ray Tube Fixed, 
Detec tor  Rota t i n s )  
1) Dif f rac tometer  Optics. T o  maintain the  c o r r e c t  Seemann- 
Bohlin parafocus ing  geometry f o r  t h i s  conf igura t ion ,  t h e  
r ece iv ing  slit x ~ s t  x w e  along a cons t an t  r ad ius  Seemann- 
Bohlin focusing circle (See Figure 5-5) and remain perpen- 
d icu lar  t o  t h e  c e n t r a l  rays  from the sample sur face ,  
r ece iv ing  s l i t ,  t h e r e f o r e ,  moves along a pa th  varying i n  
d i s t a n c e  from t h e  sample surface.  
sur face ,  i n s t e a d  of a curved one, w i l l  have t h e  same e f f e c t  
upon r e s o l u t i o n  and i n t e n s i t y  a s  t h e  design previous ly  d is -  
cussed i n  Paragraph 5. 2. 
The . 
U s e  of a f l a t  sample 
F igure  5-5: Prototype Diffractometer  Geometry 
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2)  Instrument  Descr ipt ion.  A goniometer of t h i s  design 
involves  the following: 
@ A  stationary X-ray tube whose window is located on 
@ A  s t a t i o n a r y  sample l o c a t e d  on t h e  focusing circle 
e A  d e t e c t o r  which t r a v e l s  along focusing circle and 
wk:se window i s  cons t an t ly  directed a t  t h e  sample. 
t h e  focusing c i r c l e  
F igure  5-6 is a diagram of such a mechanism. 
volume of a s i n g l e  i n s t r u m e n t  package using t h i s  goniometer 
The weight and 
des ign  is es t ima ted  t o  be 16  lbs. and LUUU 1 Ann m. in., respec- 
t i v e l y .  
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THERMAL VACUUM DEVELOPMENTAL TESTS 
( D i f  fractometer Head and Stepper Motor) 
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APPENDIX B 
VIBRATION DEVELOPMENTAL TESTS 
( G o n i o m e t e r  and Compartment  B) 
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CUSTOMER P O  
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I 
1593-4 
~ 
151-78 
24869xL 
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I 
i I 
,College Point, New York 
REPORT OF VIBRATION TEST 
ON 
QONIOME?TER ASSEMBLY 
COMPARTMENT B ELECTRONICS 
FOR 
I 
PHILIPS ELECTRONIC INSTRUMENTS ; 
I 
1 I 
TESTED BY 
1 / /  
CHECKED BY 
APPROVED By 
L, 
DATE 10 DE- 1962 
OOVERNMLNT IN3 PLCT OR I NONE 
1 
B2 
i 
1 
I 
I 
v 
I 
I 
I 
I 
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I 
1. 
1 
I 
I 
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( UNCLASSIFIED 1 
ADMINISTRATIVE DATA 
PURPOSE OF TEST To determine the e f f e c t s  o f  Vibration on the 
physical and operational charauterist lcs  of 
the submitted un i t s .  
MANUFACTURER: PHILIPS ELECTRONIC INSTRUPBmS 
750 South Fulton Avenue 
b u n t  Vernon, New York 
MAN UFACTURfR TYPE QonZometer Assembly 
A N 0  SERIAL NUMBkR: Compartment B Electronlo8 
DRAWINGS SPEC IFiCATlONS 
OR EXHlBlT: Tested i n  aocorcilanoe with Cuatomers 
Detailed Sperciiizations 
QUANTITY O f  ITEMS 
T f S T E O  : One (1) o f  each 
EQUIPMENT: 
REP0 RT : 
Unclas a i f led  
Unclassified 
DATE TEST COMPLETED: 19 November 1962 
ENVIRONMENTAL TESTING LABOIRATORY OB 
112-03 14th Avenue 
College Point 56, N.Y. 
TEST CONDUCTED B Y :  BELOCK INSTRUMENT CORP. 
OlSPOSlTlON OF SPECIM€N : Returned to . c l i en t  
. .  
ABSTRACT; 
F,. , . 
It i s  the f’unctlonpf the Belouk Environmental 
Laboratory, as an Impartial testing agency In 
performing this test, to subdeat the speuimen 
to vibration of magnitude and direat ion as 
specif ied i n  the detai led  specif ioation.  
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FACTUAL DATA 
1. DESCRIPTION OF TEST APPARAWS: 
1.1 Calidyne Shaker and Control System, Mode1 No. 177A. 
Serial  No. 15. 
Laat callbration date = 15 October 1962. 
1.2 Calidyne Shaker and Control System, Model No. 161, 
Serial No. 15. 
Last oallbration date - 14 November 1962, 
1.3 Endevco Accelerometer System, consisting of: 
Accelerometer, Model No. 2212, Serial No8. 
2207, 2243 an8 Model No. 2213, Serial No. M818. 
Amplifier, Model No. 2616, Ser ia l  No. CA13 
Last calibration date - 15 October 1962. 
Last calibration date - 30 October 1962. 
9. c Power Supply, Model No. 2622, Serlal  No. DA24 
1.4 Baliatitias Tme R ?  Y"; Model 320, Serial No. 4848, 
1.5 Ballantine True RIG VTVPI, Model 320, Serial. No. 4847. 
Last calibration date = 30 October 1962, 
2. TEST PROCEDURE: 
2.1 Goniometer AssernblLg 
The specimen ma mounted i n  i t s  noma1 mounting 
posit ion t o  the tea t  f ix ture  and attached to  the 
shaker table, Model No. 177A. 
The specimen was vibrated f o r  10 minutes from 
15 - 1500 cps, sweeping l inear ly  at a m8ximum 
force of 20 g ' 8 .  D u r i n g  the sweep the unit  was 
observed for any msonant conditions. 
The t e s t  unit was vibrated f o r  10 minutes along 
the thrust axls and 10 minutes In each of two orthogonal 
axe8 perpendicular t o  the thrust axis. 
2.2 Compartment B Ueotronicst *'. 
. The tes t  prooedure La the same as for the Ooniometer 
Assembly exoept that arhaker table Model No. 161 was 
used. 
e 
Poge3 o f  5 P a g e s  
( UNCLASSIPIH) 1, 
1593-4 
ET L 
s.0, 151-78 
a 
B4 
FACTUAL DATA (oontinue$) 
3. TEST RESULTS! 
3.1 Goniometer Assembly: 
a) Thrust N S :  
The following aonditlons were noted during the 
vibration test:  
Frequenuy xnputi output (g's) output (g's) 
b P 4  ( g ' 4  (top of,  eide window oounter) (Goniometer casting I 
[ 
I 
f 
i 
I 
I 
I 
~~ 
35 
70 
50 
110 80 40 50 
120 20 40 80 
100 
40 
23 
140 20 
i50 20 
50 
28 
160 20 
230-250 20 
26 
20 . 23 
20 .23 
20 23 4-0 
50 
go 
1000 20 23 
i: 
8: :; 
' 20 
20 
20 . 60 
65 
85 , 
95 
ig 
470 
1500 20 lees than 20 p s  
b)  Major Horizontal A x i s :  
Testing dlsoontlnued at t h i 8  time due t o  the fact 
that 8evere amplitude$ were noted throughout the 
Ooniorneter struotum, at 70 and 260 cps. 
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( UNCLASSrFIED 
FACTUAL DATA 
TEST RESULTS: (continued) 
3 .2  Compartment B Electronic8 
a) Major Horizontal A x i s :  
The following conditions were noted during 
vibration tes t !  
mquenoy Input output  
(OPS) (pl's) -~ 18) 
80 
90 
100 
110 
120 
142 
160 
170 
180 
200-330 ;+ 
410 
420 
450 
460 
485 
500 
600 
3: 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
23 
31 
26 
27 
30 
226 g 
37 
31-64 
120 
35 
130 
120 
118 
110 
100 
90 . 
88 
70 
50 - 
39 
650-1500 l e a 6  than 20 g ' s  
% 
b)i Mnor Horizontal Axis: 
Testing disoontinued at this time, due to the fact 
that severe amplitudes were noted on the Compartment 
B EleOtroni08 Case, between 60 and 65 ops. 
* 
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..- -- .~ PURPOSE OF TEST: To determine the e f f ec t s  of Vibration on the 
phyaloal and operational charrsicteriatias of 
I the submitted u n i t s .  < 
MANUFACTURER: PHILIPS ELECTRONIC INS-S 
750 South Fulton Avenue 
Mount Vernon, New York 
MAN U FACT U RE R TYPE 
AND SERIAL NUMBER; 
Goniometer Assembly 
Conprntment B Bleatronios 
ORAWINGS SPECIFICATIONS 
OR EXHIBIT:  Tested in eacordanoe with Customers 
Detalled Speolfioations. 
QUANTITY OF ITEMS 
T E S T f O  : On4 (1) o f  each 
EQUIPMENT: Unolassified 
REP0 R T : Unalareslf led 
DATE TEST COMPLETED : 14 November 1962 
ENVIRONMENTAL T E S m  LABORATORY OF 
112-03 14th Avenue 
College Point 56, N.Y. 
TEST CONDUCTED B Y :  BELOCK INSTRUMENT CORP, I 
I 
OlSPOSlTlON OF SPECIMEN: Returned t o  ollent 
ABSTRACT : It I s  the tunetion of the Beloek Environmental 
Laboratory, a8 rn lmpartlal teating wency i n  
to vibrertlon of magnitude and dlreet lon a8 
speaified In  the detalled speolfleation. 
- performing this test, to  subJect the apocimen I 
I I 
I 
( UNCLASSLIPIED 
I- i. 
I 
. 
20 
I 
FACTUAL DATA 
DESCRIPTION OF TEST APPARATUSt 
1.1 Calldyne Shaker and Control @stern, Model NO. 177A, 
Serial No. 15. 
Last callbration date - 15 Ootober 1962. 
1.2 Caidyne Shaker and Control astern, Model NO. 161, 
Serial No. 15. 
Last utbllbretlon date - 14 November 1962. 
Accrelerometsr,,Model No. 2212, Serial Nos. 2207, 
2243 an8 plodel No. 2616, Serial No. CA13. 
Power Supply, Model No. 2622, Serial  No. CA24. 
Last calibration date - 30 October 1962, 
2.4 Ballantine 'Prue RMS VTVM, Model 320, Serial  No. 4848. 
Last oalibration da%e - 30 October 1962. 
1.5 Ballantine True RMS VT", Model 320, Seris l  No. 4847. 
Last oalibration date - 30 October 1962. 
1.3 ._ Endevoo Acoelerometer System, consisting of: 
+. 
mST PROCEDURE: L 
?.A Gtoniometer Aasernblk: 
The speuimon waa mounted in i t s  n o m 1  mounting posi t ion 
t o  the t e s t  fixture and attaehed to the shaker table, 
Model No. l n A .  
The specimen was vibrated tor 10 mlnutes tmm 15 - 1500 
cps, sweeping l inearly at  a maximwn force of 20 gfs .  
D u r i n g  the sweep the u n i t  was observed for any resonant 
conditions. 
The t e s t  u n i t  was vlbrated for 10 minutes along the 
thrust axis and 10 minutes i n  each of two orthogonal 
axes perpendloular t o  the thrust Bxi8. 
2.2 Compartment B Eleotronlcs: 
The teart prosedurn I s  the same as f o r  the Oonlometer 
Aeaenbly exsept that 8haker table Model No. 161 was 
I 
1 
I Used e 
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- U N C L A S S I F ~  
FAC!l?UAL DATA (oontinueb) 
3. WST RESULTSt 
3.1 Goniometer AssernblZx 
The following oonditions were noted during vibration 
test: 
Prequenoy Input Output (g's) output (g's) 
(aps) (g' 8 )  (Detector Mount) (Motor Balance) 
75 20 30 - 
50 * 205 
85 20 
. 9 0  20 
100 20 60 
* Aluminum shear p i n  on worn gear oheared at this 
time, teatlng discontinued. 
3.2 Compartment ''W Electronioaz 
The following oonditions we- noted during vlbrrtion 
terrt: 
,. a) .Thrust mq: .\ 
. Frequency Input output 
(cps) (fp 8 )  ( p a )  -2. 
90 
100 
. 110 
120 
130 
150 
160 
180 
190 
200 
220 
240 
260 
280 
300 
3%  
% 
i% 
20 
20 
20 
20 
,20 
20 
20 
.20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
21 
22 
22 
25 
26 
27 
29 
31 
2 i 
202 
22 
60 
85 
85 
95 
90 
110 
110 
. 
I- 420 20 i@:, 
E T L  1593-3 
S.O. 151-78 
I 
Poge 4 o f  5 Poges  
( UNCLASSIFIIU) 
I 
I B10 
I- 
1- + 
I 
1. 
I 
I 
I 
I' 
I' 
I 
I 
I 
I 
I '  
I 
i 
UNCLASSIFIED j 
FACTUAL DATA 
TEST RESULTS: 
Compartment "B" EleOtronic8 t 
Thrust Axls (oontlnued) 
Frequenoy Input output 
(cps) & ' a )  (g'  8 )  
440 
460 
480 
490 
700 
to 
1500 
20 
20 
20 
20 
20 
20 
20 
20 
60 
50 
40 
22 
60 
40 
Less than 
20 ' 
b) Minor Horizontal: 
Frequenay Input output 
(aps)  ( E f t  6 )  (gcs) 
60 20 22.5 
70 20 24 
80 20 25 
100 20 40 
115 
120 
140 
160 
260 
t o  
1500 
;2 
20 
20 
20 
20 
20 
20 
20 
50 to 100 
55 
26 
22 
24 
24 
Less than 
20 
Mounting flange sheared during vibration i n  this plane. 
Teeting dimontlnued at thie time. 
Belock . 
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APPENDIX C 
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I t 
Q + - A  - RANDOM VIBRATION DEVELOPMENTAL TESTS 
( D i f f r a c t o m s t e r  Head and C o m p a r t m e n t  B )  
--i 
I 
I" 
Prepared 
'Test Report No. H40Df613 NO. of Pages 6 
Checked Approved 
' Report o f  T e s t  on 
X-RAY DIFTIUCTObCETER ASSaolLx 
BY 
Signed 
Date 
, 
. VIBRATION TEST 
for 
\V, Ker n. t laeaet t  D. Jorgeneen 
1-21-63 1-21-63 "1-2:-63 
-Q.&,s% l3- u, )hAL 
PIIILIPS SPACE I)WELOP"T 
Associated Testing Laboratories, Inc. 
Wayne, New Jerrey 
c2 
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Ad minist ra t ive Data 
1.0 Purpose of Test: 
To subJeot the submitted X-ray Diffractometer Aesembly to a Vibra- 
tion Test in acoordunoe With the Test Proaedure of thir report. 
\ 
2.0 Manufacturer: Philip8 Space Development 
900 South Columbus Avenue 
Lit, Vernon, New York 
3.0 Manufacturer's Type or Model No.: Serial Number 3D, Units 1 and 2 
4.0 Drawing, Specification or Exhibit: Paragraph No. 31513 of Hughoo Air: 
craft Corporation Specifioation No. 221810, Revision C and verbal 
instmatione from an Engineering Representative of Philips Spaoe 
Development. 
X-ray Diffractometer Head (Unit 1) and a Compartment B Eleotronlor 
Paaltage (Unit 2) 
5.0 Quantity of Items Tested: One Assembly consisting of an 
6.0 Security Classification of Items: U~cla68if ied 
7.0 Date Test COmDleted: January 12, 1963 
8.0 Test Conducted By: Associated Testing Laboratories, InC. 
9.0 Disposition of Specimens: Returned to Philips Space 
Devr 1 opmeat 
10.0 Abstract: 
The submitted X-ray Diffraotometer Assembly waa eubjeoted to a 
Vibration Test in acoordanae with the referenoed specification, 
The f d l o w b g  physiaal damage wa8 obearved to the two unit8 of 
the Aeoeab1y EIO a result of the test: 
Associated Testing Laboratories, Inc. 
Wayne, Ne+ Jersey V&nter Park, Florida 
' Burlington, Massachusetts , 
c3 
I- 
I 
I 
c 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I '  
rc 
- a  _. * 
10.0 Abstract: (Continued) 
X-ray Dif fracfometer IIeed 
bring the first #weep in the Y Axie of vibration, the connector 
cable broke. During the fifth sweep in the Y Axis of vibration, 
a aorew from the cover looeened and fell out. During the last 
sweep in the 2 Axie of vibration, the metal atrip covering the 
2-pin oonnootor tore where the  pine protruded and the metal shield 
covering the printed oirouit board broke o f f ,  
Comvnrtment D Electronic8 Paclcaoe 
At the completion 02 the Y Axi8 of vibration, the black oover wa8 
noted to be loose. 
OF APPp6MTu% 
Vibration System, Ling Eleatroni~r Corporation, oonairting of 
the following: 
a. Vibration Exciter, Model U46 
b. Power Cubicle, Model PP-20/24 
0 .  Remote Control Console, Model &lOOl. 
Random Noise Control Console, Ling Electronice Corporation, 
Model R-10014 . 
Random Noiee Generator, General Radio Company, Model lj90D. 
Variable Frequenoy Boadpasa Filter, Krohn-Elite, Nodel 3 3 0 4 ,  
True IUS AC Voltmeter, Ballantine Laboratoriee, Uodel 3jOS/2. 
Acoelerometor, Endevoo Corporation, Model 2215C. 
Report No. H40-3613 Page-- 2 
Associated Testing Laboratories, Inc. 
Wayne, Ne$ Jersey Winter Park, Florida 
' Burlington, Massachusetts 
c4 
TEST PROCIIDUZLE 
During the first sinusoidal frequency sweep in each aria of vibra- 
tion, the random frequency vibration level was maintained at .015 
g2/cpe over the frequency range of 100 ope to 1500 cps. 
the following 5 sweeps in each w i s  of vibration, tho random fro- 
quency vibration level was maintained at ,003 $/cps. 
used to meaeure the applied vibration levols. 
fixture and a dummy load were equalized for the required random 
frequenoy vibration levels. A11 subsequent aqualizations wore 
performed with the actual teat units mounted to the test fixture. 
The random frequency vibration levo18 were detennined and moni- 
tored on a rryetem which oontainr thirty-nine parallel bandpaes 
During 
I A cryetal accelerometer was attached t o  the test fixturo and WOQ 
Initially, the t e ~ t  
Page-- 3 
Report No5%H4Oo361'J <\ %.\\- . . .  
-.. 
The Vibration Test was conducted in acoordanoe with Paragraph 3.5.3 
of IIugher Aircraft Corporation Specif ioation Number 221810, Revi- 
#ion C and verbal inetructione from an Engineering Representative 
of Philip8 Space Development, However, for completoneaa of tliir 
report, the following i r  the Teat Prooedure a8 it was conducted. 
The X=ray DiPf ractoneter Aasenbly coneisted of two individual corn- 
ponent8, an X-ray Diffractometor Head and a Comportment B Eleo- 
trodaa Package, The units were subJected to a oomblned random 
frequenoy and alnuooidal frequency Vibration Test along each of 
the three mutually perpendicular axes identified in Figure 1, 
The some test fixture was used to mount both units t o  the Vibra- 
tion &chino. 
teat fixture in accordance with Philip8 Space Uevelopment Drawing 
Number R6-2062-1, Revision D. 
age waa mounted to the teat fixture in accordanco with Philip8 
Space Development brawing Number I3-101742, Revision E, 
The X-ray Diffractoneter iicau was mounted to tine 
The Compartment I3 Electronics Pack- 
Each unit WQS individually aub joc ted to s imul tanoous random f re- 
quency and sinusoidal frequency vibration over t h e  frequency range 
of 5 to 1500 cps. 
thruet axis wero 0.5" da or f18 6, whichever was the liuiting factor. 
The sinusoidal froqucncy vibration lovole i n  tho lateral w o e  were 
0.5" da or 216 g, whichever was the limiting factor, 
oidal frequency range of 5 to 1500 cps was travereod in a two min- 
ute period. 
of the three mutually perpendicular axes. 
The einueoidal frequency vibration level8 in the 
The sinue- 
A total of six frequency eweepo wore conducted in each 
Associated Testing Labgratories, Inc. 
Wayne, N ~ w  Jersey, Wzter  Park, Florida 
' Burlington, Massachusetts , 
I' 
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TEST PItOCEDUf?E 
(Continued) 
filter@ with individual attenuator8 for speotnun ehaping. 
f i l t a r  haw a bandwidth of 50 ope, Tho eyrtom aleo oontains forty- 
two monitoring circuits with level meters whioh read directly in 
g2/cpe . The einusoidal frequency vibration levele were calibrated 
in millivolts on an AC Voltmeter. During the actual sweeps, the 
sinusoidal frequency vibration lovels were manually controlled, 
Each 
The unite weru eubjeoted to the Vibration Test for a period of 
twelve minutee in each axis of vibration, 
eaoh sinusoidal frequency eweep, the unite were examined for any 
evidence of physiaal Gmage 
At the completion of 
TEST DATA ANI) OBSERVATIONS 
Unit 
X-ray DiPfrauto- 
meter Haad 
Compartment B 
Electronice Package 
X-ray D i f  f racto- 
meter Head 
C ompar tnent B 
Electronice Package 
Compartment If 
Eleotronice Package 
X-ray Diffraoto- 
meter Uead 
h i e  of 
V i  b ro t i on 
x (lateral) 
x (lateral) 
Y (thruet) 
Y (thrust) 
2 (lateral) 
2 (lateral) 
rvution 
No phyeical drmirge 
No phyeical damage 
On the first sweep, the OOMOC- 
tor cable broke. On the f i f th 
eweep, a screw from the cover 
loosened and fell out .  
At the completion of thio Qxia 
of vibration, the black cover 
Mae noted to be looee. 
No physical damnge 
During the last swoop, tho cuutul 
strip covering the %pin cornea- 
tor tore whero tho pin8 pro- 
truded, and the nretol shield 
covering the printed circuit 
board broke off. 
Page- 4 
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TEST lZESULTS 
Tho following physical damage was observed t o  t h e  t w o  uni te  of the 
X-ray Diffractometer Assembly as a r e s u l t  of the Vibration Test. 
X-ray Diffractometer Heat, 
During the first oweep i n  the Y Axis of vibration, the connoctor 
cable broke. During the f i f t h  sweep in tho Y Axis of vibration, 
a screw from the  oover looeened and f e l l  out. k i n g  the last 
sweep in  the  Z Axis of vibration, the metal s t r i p  covering tho 
2-pin connector tore  where t h e  pine protruded and the metal shield 
covering the  pr inted o i r c u i t  board broke of f ,  
+Compartment B Electronics Pockane 
A t  the oompletion o f  t h e  Y Axir of vibration, the  blaok oover wao 
noted t o  be looee. 
Associated Test ing  Labarator ies,  Inc. 
-1: 
Wayne, Neb Jersey Winter Park, Florida 
’ Burlington, Massachusetts 
e7 I I 
- 
Y 
( thrue t ) 
X-ray Diffractometer Head 
X 
(lateral) 
0 0 
0 
0 0 
t------jT----t 
( thrust)  
ComDartnient B 
Electronics Packace 
Fimre 1 
Jdentiflcation of Ares of Vibration 
z 
lateral 
X 
Page- 6 
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APPENDIX D 
ACCEPTANCE TEST PROCEDURE 
(Model P-4/P-5 Diffractometer) 
* ,  . :  . 
I . , .  . ,  . <  . * . ', ' 
. .  , 
. ,  
. .. . 
D 1  
1 '  P R x S I P 6 1  DOCENSS AND SPACE LABORATORY 
P 
. .  . .  . . )  
I .  
I 
I 
* 
~ ~~~~ ~~ 
DIEPENSE AND SPACt  LABORATORY 
* I  PDSL -F2916A I 
. . * .  
1. I; 
SCOPE ! 
T h i o  mpoaifiaation omtablirhaa tho Funotional Toot Prooodurm 
for Model P4 Surveyor %-Ray Diffractometer. 
I 
\ 
I.'.. ' , '  
2. I' APPLICABLE D O W N % '  S 
The following specification forms a par t  of t h i s  documentt 
Je t  Propulsion Laboratory 
3084633 Design Specification Surveyor Prototype Equipment . I : " Scient i f ic  X-Ray Diffractometer. 
I .  
TEST EQUIPMENT 
Byetem Control T e o t  Panel 
Interconnecting Cable AoIBen\bly, Philips 
Electronic Counter, Hewlett-Packard, Model 524B 
. T e s t  Panel/Counter Adapter 
Osci.lloscope, Tektronix, Models, 53.5, 53lA, or 541, w i t h  Type 
.Type M plug-in uni t  , .  
'\ 
' 3.5 1 ' .  , . 
I : : -  3 e 6  ..4 I- Standard Norelco Circuit Panel, Type 12095/6 
Powdered Quart'e:.Sample,. 400 Mesh . .+,.%.*8d d + .* ,* 
a 
' . 3.7. .  
' 4 .1 '  Place a l l  switches i n  'the 'OFF pocrition. 
Connect the diffractometer and the t e a t  equipment as ehown 4e2 
Figure 1. 
, , 
.-- . ,^  .- 
I ,, 
PEJ&rPs DEFENSE AND SPACE LABORATORY 
PDSL -F2016A 
. 4*3  An as te r i sk  (*) preceding a paragraph indicates data is t o  be 
I :  taken and/or recorded 
1. . 5. GONIOMETER SPEED TEST 
1 
5.1 Connect $ MKR I N  t e s t  point of System Control T e s t  Panel (ang- 
u la r  mark output) t o  the G I G N U  INPUT o f  the electronic counter. 
. - Set FUNCTION SEIjECTOR of the counter t o  PERIOD and s e t  TIME'UNIT 
t o  milliseconds., Set DISPLAY TIME t o  INF, SO tha t  count will be 
displayed u n t i l  the Reset Button is pre8pred. 
I' 
I '  
I 
.- 
Note: 
signed t o  t r igger  a t  the zero-volt crossinq of a negative 
going voltage, an adapter is necessary between the Signal Con- 
t r o l  T e s t  Panel and the counter. The purpose of the adapter i s  
t o  make the counter trigger a t  the leading edge of the pulse. 
The counter wi l .1  s t a r t  bounting i n  milliseconds when an angu- 
l a r  mark pulse comes i n  and w i l l  stop automatically a t  the 
,next puloe, the counter w i l l  automatically e t a r t  counting again 
Since the PERIOD inpu t  c i rcu i t  of the counter i a  de- I 
I- . * 
I 
I--.- 
I . /  * t 
I 
, 
- -  
* I  
I -  '\ 
' L -  next marking pulse.' If the reset  button i e  preeeed before the 
a t  this  third pulse. ( I  
Q '. 
,. 
. .  
' I *  a .  5 3' With the goniometer in the home porition (7') rtart'the motor 
, by aotuating tlie FORWARD conunand awitch on the System Control 
, " 
-' * Test' Panel. Reset'countel: and meaeure elapsed time between: . 
. I  I g o /  17" - 18" 
19" - 20" ' $ 0 ,  I 10" ' L  11' ' -- 
13' - 14' 22' - 23' 
I 15' * - . 16' ' 24" = 25" 
PDSf, -F2016A l 
The measured i n t e r v a l s  shall '  not d i f f e r  more than *l% from I . I 
1 :  the average. Enter1 data  'in Table 1. The time in te rva l  ohal l  
1 1 ,  . I !  be 120 f 1 2  seconds. 
I .  
1 ,  
. *  
. * 513 Pres6 FAST FORWARD switch and masure time period8 between:' 
. .  . * . .  33'. - .  34O 
37' * 38' 
39' - 40' 
42' - 43' 
35' y '36' 44O - 452 
I The measured t i m e  i n t e rva l s  ghal l  not d i f f e r .  more than. *l% 
sha l l  be 15 f10%mconds. 
'6 . . 
I ' ,  from the average, En te r  data i n  Table 1, The time in te rva l  
I 
* 5.4 Actuate I FORWARD command switch between 50th ,and 51et marker 
I signal. Measure in te rva ls  between: 
52' 
/ 
m 53' 610 - 62' ' 
63' - 64' 
57' - 50' 66' - 67' 
59' - 60' 60' - 69' i 
I '  Same requirements as i n  5.2. Enter  data i n  Table 1. 
i 
1 
* 3.5 ' Actuate FAST FORWARD command switch between 69th and 70th 
i * '. marker signal.. * Measure in t e rva l  between: 
* 
a ^ .  020 - 03' 73O ' -  74' 
, .  75' 9 76' 04' = 05' 
70' - 79' 
80° - 819 
. a  * 
I I 07' - ,  00' 
Same requirements as i n  5.3. 'Enter  data i n  Table 1.. 
* .  I .  ' 
---*---.- ' ' - 
I. 
.. . ' 
: 'PAGE 4 OF 15 
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PDSL-F2016A 
* 5.6 Actuate FAST REVERSE switch and measure in t e rva l  between 90' 
and 80' and petween 30' and 20'. 
The t i m e  in4erval  for 10' s h a l l  be 75 *lo% seconds. 
This can be done by s e t t i n g  
' the Function' Selector of t he  counter t o :  "10 - PERIOD AVERAGE". I 
I I Enter data 
E '  
i n  Table, 1. 
* . 5.7 Return gonicketer  t o  i t a  home posit ion.  
. -. I - . -  
60 OPERATING TESTS 
6.1 I n s e r t  powdered quartz  sample i n  the sample holder. Connect 
I 
E 
I 
I 
CH.1 OUT on System Contsol Test. Panel t o  'SIGNAL INPUT NEGATIVE 
of  the C i r c u i t  Panel rate meter. Connect marker s igna l  pen of 
t h e ' C i r c u i t  Panel recorder t o  RECORDER SOLENOID on System Con- 
t ro l  T e s t  Panel. 
S ta r t  Norelco Circui t  Panel and actuate  POWER ON and HIGH VOLT- 
AGE ON switches on System Control Test Panel. 
E 
6.2 
6.3 With the goniometer i n  the home posi t ion,  actuate  FORWARD .. 
command, switch, on System Control T e s t  Panel. 
', 
---. --' - ! * 6.4 Makra recordogram for the complete angular range from 7' t o  
90' . Attach cha r t s  t o  data sheets. 
. 6.5 peturn.  goniometer t o  eero' posit ion.  
1 
I. . 
* 6.6 The recordogram, mentioned i n  Paragraph 6 . 4 , w i l l  show the 'E 
I 
d i f f r a c t i o n  peak from the 1.01 plane of the quartz sample. 
Determine the €ollawing and en te r  data  i n  Table 21 
. ,  I . PAGE 5 OF 15 
P]P39:1[tl[pS DEFENSE AND SPACE LABORATORV 
m PDSL -F2016A 
* :  * a )  Peak width a t  1/2 height s h a l l  be 0.22' or less (20'). , 
I b) Peak width a t  1/10 height s h a l l  be 0.45' or less 
--* - -  - - c) Peak i n t e n s i t y  s h a l l  be 23OOcps o r  g rea t e r  
d) 
e) Center of grayaty o f  peak 26.65' k0.05' (20) 
Peak - background/background s h a l l  be 27 or gxeatex' 
* f )  Symmetry (see Figure 1 of JPL Spec. #30846D) A/B m 1.12 . 
7 .' REPRODUCIBILITY 
* 7.1 Record t h e  1.OE.peak 10 times by scanning from 25' t o  2 7 O ,  
using the FORWARD speed, Determine the  locat ion of the  peak 
i n  each recordogram; the  cri terion f o r  the location i s  the  -, 
L center of t he  l i n e  t h a t  connects the t w o  1/2 heights of t h e  
.peak. 
data  i n  Tabl'e 3 and a t t a c h  char t s  t o  data  sheet.  
The reproducib i l i ty  s h a l l  be better than 0.05°. . Enter 
t 
* 7.2 With the  motor i n  the  FORWARD speed, scan over the 1.01 peak 
again,  and s t o p  the goniometer a t  the  top of the  peak. Con- 
\ 
, I  nett Channel 1 t o  the  e lec t ronic  counter and determine the  
' peak i n t e n s i t y  10 times. Accumulate a t  l e a s t  100,000 counts '. 
. .  t .  * 7.3 Record the 1.21 peak of quartz 10 times by scanning from 
59' t o  61', using the  FORWARD speed. The reproducibi l i ty  of 
t h e  location of t h e  peak, * a s  defined i n  Paragraph 7.1, s h a l l  
be better than 0.05'. Enter data  i n  Table 3 and a t t ach  c h a r t s  
t o  data  sheets .  
I 
- .  
8 .  MEASUREMENT OF VIDEO OUTPUT CHARACTERISTICS 
I" 8.1' Connect osci l loscope to the video output (MX I N  t e s t  point  on 
. System Control T e s t  Panel). . 
, ' PAGE 6 OF 15 
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, 
* 8.'2 Determine voltage range of pulses.  
0 t o  +5 *1 vplts.  En te r  data i n  Table 4. 
Voltage range shall  be 
\ 
, 
8 * 8.3 Determine Fisc t i m e  of pulse. R i s e  time sha l l  be 50p seconds . 
3 maximum. Enter data i n  Table '4. . 'L 
* 8.4 Determine f a l l  t i m e  of pulse. 
maximum. Enter data i n  Table 4. 
Fal l  time sha l l  be 50p seconds 
9 0  
9.1 
MEASUREMENT' OF ANGULAR MARKER CHANNEL OUTPUT CNARAC TERI ST I C s  
Connect oscilloscope t o  .); MARKER test  point on System Control 
Test Panel.' 
I *  9.2 <'Determine the pulse characterist ics w i t h  the goniometer a t  
0 .  
. (  the home position (7'). The angular marker signal s h a l l  be a 
continuous square wave signal, 40cps *lo%, 0-5 &l volts. 
Enter data i n  Table 5. 
\ * 9.3 With the goniometer i n  the 90' position, measure the marker 
s ignal  pulseo. There shall  be a continuous square wave signal, 
symmetrical, 0-5 f l  volts,  80CpS *lo%. 
* 9.4 Measure the 'charaater is t icr  of an angular marker signal any- 
Enter data i n  Table 5 0  
Enter data i n  Table 5. \ 
I . .  
* I  ' where between @ut  not at) the 7th degree and 90th degree. 
. 
* 9 . 5 .  Photograph me oignal as it a p p a r s  on the oscilloscope. The 
s igna l  sha l l  be as followst 
p p 8 1 X G X P f J i :  DEFENSE AND SPACE LABORATORY 
PDSL yF2016A 
a) Voltage level: 0-5 fl volts I *  
t b) Pulse length: 200 milliseconds 
t . -  I, * 
I . .  I 
c) Rise time: 5 milliseconds maximum 
d) Fall time: 5 milliseconds maximum 
S I  
. .  1: . : '  10. pbst TE ST XNFO RMATION SHl3ET 
en Sheet. 
. * i0.l F i l l  out and complete the Test'Xnfomatih.. -.----- 
. 1. ' .  
I 
. ,  
I. I 
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PDSL TEST INFORMATION SHEET 
1, Description of  T e s t  
2, .Instrument 8, Date 
3, Subassembly .9, Start Time 
G .  
' 4. T e s t  No.-In a series of 10. Stop Time 
1 0 
' 5; Teat Engineer 21, demperature. C, 
. 6. Technicians 1. I 12, Barmetrio Pressure rn Hg 
2. 
3, 
t 
. . < % . ;  
. - 8  , . :* 13. Teat EquipmentJeed ' I 
I 
.I D a t e  
, .  ' *  ,,' ' 
' . * . .  
, , , , ;" . ;. : T e s t  Engineer . .'_. ' . *  . 
. .- . I  . . ' .  ~ . I :  ". . 
Observer ,'Date 
Date Quality Assurance 
Name * Company . .  . .  
. .  : .' .' . 
I 
. I  , .' 
l5 D10 
* 
Y 
I** 
I 
f ,  
I 
I 
I 
I 
c 
I 
i 
I 
j- 
E 
E 
_ _ - .  .+ -.-- 
I 
I 
I 
E 
i 
r 
I 
I#  
I 
I 
I 
1 
I 
1 
I 
4 
.d 
0 
0 .  
h 
d 
pc 
pc 
I 
VI 
k 
i! 
pc 
I 
7 
I 
+ 
t 
b 
- I C  
*r 
f 
(I 
6 
c 
a 
E 
I. 
o r  
t 
b 
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APPENDIX E 
ACCEPTANCE TEST DATA 
(Model P-4 Diffractometer) 
1 
. El 
* 
I': t 
1 ,  
Table 1: G ONIOMETER SPEED TEST 
(Para. 5 .2)  t 
. .  
Scanning 
deqrees) .* .
' 5rom 
. . . . .  
8 ' 9 9  
I 10 11 
13'-  14 
15  - 16 
17 - 18 I- . .' 
I 19 = 20 
. . '  . " ,  22 - 23 
. 24 - 25 1 .  
Deviation ' 
From Average 
( 88 conds 1 
. I  . .  
. . . . . .  ."
1. 
Difference ,. 
From Average. 
(%) -.: 
.+ 
1 ,  
-469 $ * (  
. I  I 
I . '  
, ' e  
. .  
OF 1.5 
* E2 
... .. . 
7 8 .-- 
Table 1 t .  e G.ONIOMETER SPEED' TEST (Cont d) 
(Para. 5 4  
Difference , .  Deviation 
Jdesrees)  (seconds) ( seconds 1 
Scanning Time Interval From Average From Average. 
from &Q 1 
(%I 
I 
52 - 53 
' .  * 5 4  - 55 
I 
I j . * ; .  
. 57 - 58 
6 .  
59 - 60 
61 - 62 I '  . 
63 0'64 
. 66 - 67 I 
68 - 69 
1.; : . . 
1.i I .  , :
, PAGE 12:OF 15 
E3 
, I 
Table 2: OPEFUTIONAL DATA 
(Pare. 6 . 6 )  I 
1. 
2. 
3, 
4. 
5. 
6 .  
. "  
Measured Value . . Required Value ~ 
t o  /3 . i  
6 0.22.O BT097F 
1 
0.45' ,m8*qL' 24.7 
2 2300CDS * 
7 5 3 -  13.9 =J7$ ' 
Peak width a t  1/2 height , 
?Po= 3 f 0  
Peak width a t  1/10 height . 79.8 0 * 
Peak in tens i ty  . 
Pea k-ba ckground/background ' 1 3 6  . I  2 27 
26.65 fO;dSO 
' .  
1 ,  8 -  
Center of gravity of peak q t t  shnrlbrd 
. '  
t .  
. *  . I  
3' . ' <  
, ... .. , .  
. .  
I 
a .  
. .  
* \  
. '. 
. .  
1 .  
. .  
! 
. .  
' *  . 
0 .  
, *  
. . .  , 
' .  
. . .  
, .  
.? . 
, ' i  
I '  !. , , 
. ,  
, . 
b 
, .  , . .  
I . .  . .  * . . .  1 ' , '  . , I  * 
' b  .. . . .  
. .  
* .. 
I 
. ,  
Reproducibility shall 'be 6 f3% 
* -  
I ,  
. .  
. !  
PAGE 19 OF. 15 I -  
t . * :  
1 ,  
1 'E5 * I :  - --- .-__-- - -_ 
I ' 1 (Para, 8,2) Pulse voltage range 
, 
I 
1.; 'i: ' 
Measured' Value 
I 
Required Value .  , I 
0-5 fl volts 
50usec max I e . 
50t~sec max ' . I 
k 
b t 
Table 5: CHARACTERISTICS'OF ANGULAR MARKER OUTPUT 
1 
I .  
. .  
' a t  home poa, (7') 
Voltage Range 
Frequency , 
Marker s i g n a l  pulse 
a t  90° 
e .  
Measured Value Peauired'Valug , 
0-5 fl volts 
+- 
Voltage Range C s e 2  d a  '0 0-5 fl Volts I 
I 
I 
t 
, 
Frequency ,*a I 9 0  f8Cm , 
, 
- 
, . I  Voltage level '&(2~ ,n ,p  .*0-5 fl volts 
Pulse length 1 9 6 h . S Q C  200msec 
Rise $ h e . *  
Fal l . t inre  ' 
*: 
' .  
+ 24u tQC ~msec'max~ ~ ' 
Smsec+'max * 
.. ' I  I 
. : I--* I , 8 
. .  
. .  I 
I i r' .-.- L 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
APPENDIX F 
ACCEPTANCE TEST DATA d ' 
(Model. P-5 Diffractometer) 
. '  
- .  
F1 
.. . 
i 
* '  
Table 1: GONIOMETER1 SPEED TEST 
. (Para. 5 .2)  *::> __ 
22 - 23 
24 - 25 
I 
-Total . . . , . . . . . . - 
Average 
In terva l s  s h a l l  be 
Interva l s  s h a l l  a 120+f12 see. 
. . 'e . .  . . 
&l% of Average, 
1 
. .  I 
! 
e .  
. .  
28 29 /so g I ' ' t .  03 8 , .  
30 - 31 
.33 - 34 
35 9 36 , ' 
37 38 
39 0 40 . .  
. I  
' I  
I .  
, .  . .  
,, , I 
. 
I 
Tota l  . . . . . . = 
. I  
" . 
Average e . . . . . - '  
' Intervals shall be *l% of Average. 
.Intervals shall  I 15 * l e 5  se I 
. .  .. 
1 PAGE ii OF i s  ' . !. , ' .  ' b  
F2 
- -  - 
Table I t '  G.0NXOMETER SPEED' TEST (cont Id) 
(Para, 5.4) I 
D e v i a t i o n ,  Difference 
I 
I 
rl 
Scanning Time Interval  From Average From Average 
(desrees) (seconds) (seconds 1 (%I ' ' 
from I 
I :: . '  
. .  
66 - 67 
+Ob 762 
- 0 , 5 9 9  . 
,w, I9 
e 
'Total ... e . . . . . . .  768.775 . *  . I Average e e . b . e e . 1x1 b I 2 7  I 
I ' 
7 8 ' -  79 
I :  . . .  80 - 81 
02 - a3 ~ 
87 - a0 
04 - 85 I i  b .  ' 
I-. 
Total  . . .,.  . . . . . 10s 89 g 
Average .,.r..... I& 128 
Interva l s  s h a l l  be 
Intervals shall  I 15 f1.5 seu., 
il% of  Average. 
see. 
'1 5 
F3 
. .  * .  
, T a b l e  2: OPERATIONAL DATA 
(Para. 6 . 6 )  * 
2. I{:. 3 .  1:: , " 4 . '  
Peak width at 1/2 height 
Peak'width a t  $710 height 
Peak intensity , 
Peak-background/background 
J 
. Measured Value 
3 8 3 0 !  
* .  
Required V a l u e  
/f  4 
B 0.22O 80.2 
3 2 3 0 0 ~ ~ s  
3 27 
I 
. 
=,/ao 
. .  
" / 0 3  
. I  
. 
Table  3s REPRODUCIBILITY 
I 
(Para. 7 .1)  (Para. 7 .3)  
Location of 1.01 peak (2So-27O) t Location of' 1.21 peak. (590-61q0) : 
-- . . (Para. 7 . 2 ) .  . . . 5 
9 c 
\-. . .-. Location o f  1.01' Quartz peak: &bo 
1 
.. 
,Table 4s CHARACTERISTICS OF VIDEO OUTPUT 
(Para. 8.2) 
(Para, 8.3) 
(Para, 8.4) 
I 
1 :  . 
Measured Value Required Value. I 
Pulse voltage range ' .  .+&# zg pOp 0-5 i1 v o l t s  
R i s e  :time * ir?,1.5& SOuse'c max. ,. , 
F a l l 4  time SOusec max 
. .  
t 
1 
$ 1 .  
I 
b 
- .  Table 5: CMRACTERISTICS'OF ANGULAR MARKER OUTPUT - 
! 
I .  
I 
I 
I '  
, Measured Value Remixed Value , 
I 
I .  I 
(Para. '9 .2)  Marker eignal  pulse 
I ' t  . a t  home pos. (7') 
Voltage Range $ 5 4  21/1 P-p. 0-5 fl volts 
. .  . .  
Frequency 4df4cIJs 
Marker sigoal pulse $4 . 
a t  90' , I ,  
* 
t I 
1. 
Voltage Range * s12vv Pdf' ".a. .O-5 f l  volts , 
I 
I 
I 
r 
I 
I 
I 
I 
I 
I 
I F7 
F8 
F9 
